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EXPLANATIONS OF FI6UBE 39. 

STEAM ENGINE. 



For a fall description, we6 page 325— ^3S8. 



A A The Boiler. 
B B Fire Place. 
X X Fines. 
C C Steam Pipe. 
D D Steam Box. 

Y Y The Piston which works in the Cylinder. 

£ Steam Pipe to convey Steam to force down the Piston. 
F Steam Pipe to convey Steam to force up the Piston. 
AoCe. See Fig. 40 (on next page) for an enhirged plan of the Steam 
' Box, Cylinder, &e. 

G Pipe from Steam Box to the c<mdenser. 
H H The Condenser. 

V and W Cranks to work the Valve H. See Fig. 40. 
X The Eccentric to work the cranks V and W 

U Fly iVheel to equalize the motion of the machinery. 

L L Cistern of Cold Water to condense the steam. 

C Injection Cock to let cold water into the condenser. 

M M Air Pamp communicating with the bottom of the condense?. 

N Small Cistern. 

Forcing Pump attached to cistern N. 

P Q R S, represents a plan (with the exception of one pipe) connect- 
ed with the cistern N and the forcing pump O to ascertain the quan- 
tity of water in the boiler — R is a float always resting on the surfiice 
of the water in the boiler. 

T T The Lever or Working Beam. 

1 Piston Rod to work the Piston in the Cylinder. 

2 3 4 Rods to work the Pumps. 

5 Rod to work the Main Shaft, Fly Wheel, and Ecoentric. 

6 The Throttle Valve. < 

a a b o d represents an apparatus connected with the ThrotUe V«lv0 
which regulates the quantity of steam which enters the cylinder 
from the boiler; it is called the Govenufr, 

e f g h A system of Levers or Rods to cause the panOel motion of the 
Piston Rod. 
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ADVERTISEMENT. 

OF-TH-E AMERICAN EDIT^OB. 

Tlie familiar and a|^raeable maonor in which the " CoBrenati^M ob 
CShemistry " are written, renders this one of the most popular ireatuea oo 
die lubject which has ever appeared. The ele^nt and easy style also, in 
which the authoress has managed to convey scientific lofltmction is peculiarly 
adapted to the object of the work. * ^ 

In some respects, however, the English edition may he considered «a 
objectionable* A book designed for the instnictton of youths ought, if 
possible, to coBlaiti Qone but establislied principles. 

Known and ifUowed facts are always oC mach higher oooMquenoe thai 
Aeoretical opinions. To youth, particuteriy, by advancing as truUis, doc- 
trines which have arisen out of a theory not founded on demonstration^ w* 
y run a chance of inculcating permanent error. 

A In these respects we think that Mrs. Bryant has not been sufficiently 

'«^ guarded. The brilliant disoayeries of Sir Humphrey Davy, and his known 

eminence as a Chemical Pliilosopher, seem in many instances to have given 

<^ his opinions an authority, which, in tlie mind of the writer, superseded further 

^^ investigation. Indeed, inferences are Sometimes drawn from tlieae opinions 

<0 which tltey hardly warrant. Under this view of the subject, a part of the 

notes is designed td guard the pupil against adopting opinions which he will 

*^ find either contradicted, or merely examined by most chemical writers. In 

^ addition to this, I have made such explanations of the teaiX as I thought would 

^! assist the pupil in understanding what he reads. 

\' In attempting to make this science popular, and of general utility, it is of 

V) great importance tliat tlie experiments come within the use of such instr»> 

jnents as are easily obtained. I have therefore ^iven such directions on this 

% subject, as my former experience as a lecturer, with a small apparatus^ taught 

me to believe wouhi be of 8ei*vice. 

The list of experiments was chieAy made up without r^rriqg to bo<A0> 
fame &w of them, however, ar^ copied from Parke, Accum, flee. 

REMARKS BY THE REV. MR. BLAKE. 

The questions, in the present edition, are placed at the bottom of the sev- 
eral pages to which they relate. This plan has been adopted in tlie Boston 
edition of Conversations on Natural Philosophy, and is bMome very popular. 
The advantages of it are too obvious to escape observation, and, of course, 
to need being particuhiriied. It .will be seen that the questions are more 
numerous (haa they were in the two first impressions from this copy. It 
nay be supposed fay persons not acquainted with teaching, that tliey are too 
numaroos, as some of them are repeated in various forms, and othera are 
aeemiogly unimportant. But it is found necessary that scholars should be 
ezamiiwa on eyery page, and upon nearly every paragraph, whether there it 
any thing vmy important or not No smaH portion of learners will pnas 
oiver without study, all in which they are not to be questioned. Henoa what 
nii^ be caUed a ly«<«« of qiMstions would be quite iniufficient. 




PREFACE. 

ft 

lif venturing to offer to the pubKc, snd more piurticatarly to the 
ftmale sex, an introduction to Chemistrf, the author, herwif a 
woman, conceivee that some explanation may be required ; and she 
feels it die more necessary to apologize for the present undertakings 
aa her knowledge of the subject is but recent, and as she can h«ve 
no real claims to the title of chemist 

On attending for the first time experimental leeturaa, the auiher 
fbund it almost impossible to derive airy clear or satisfactory hkfyf- 
mation from the rapid demonstrations which are usually, and per- 
haps necessarily, crowded into popular courses of this kind, out 
frequent opportunities having afterwards occurred of conversing 
with a friend on the subject of chemistry, and of repeating a variety 
of experiments,.she became better acquainted with the principles of 
that science, and began to feel highly interested in its pursuitai It 
was then that she perceived, in attending to the excellent lectures 
delivered at the Royal Institution, by the present professor of Che- 
mistry, the great advantage which her previous knowledge of the 
subject, slight as it was, gave her over others who had not enjoyed 
the same means of private instruction. Every fiiot or ex|)erimeDt 
attracted her attention, and served to explain some theory to whi^h 
she was not a total straneer ; and she had the gratification to find 
that the numerous and elegant illustrations, for which that school 
is so much distinguished, seldom failed to produce on her mind the 
eflfect fi>r which they were intended. 

Hence it was natural to infer, that fiimiliar conversation was, in 
studies of this kind, a most useful auxiliary source of information ; 
and more especially to the female sex, whose education is seldom 
calculated to prepare their minds for abstract ideas, or scientific 
language. 

As, however, there are but few women who have access to this 
mode of instruction ; and as the author was not acquainted with an j^ 
book that could prove a substitute for it, she thought it might be 
useful for becinners, as well as satis&ctory to herself; to trace the 
steps by which she had acquired her little stock Of chemical know- 
ledffe, and to record, in the fbrm of dialogue, those ideas which she 
had first derived from conversation. 

But to do this with sufficient method, and to ^ upon a mode of 
ammgement was an object of some difficulty. Ailer much hesita- 
tMO, and a degree of embarrassment, which, probably, the moat 
competent chemical writers have often felt in eommon with tlie 
moat superficial, a mode of division was adopted, w^ich, though the 
most natural, does not always admit of beinff strictly pursued — it 
18 that of treating first the simplest bodies, and then gradually rising 
to Uie most intricate compounds. 

It is not the auUior's intention to enter into a minute vindication 
of this plan. But whatever may be its advantages or inconvenien- 
ces, the method adopted in this work is such, that a young pupil, 
who should only recur to it occasionally with a view to procure in- 
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fbimatibn on particular aubjects, might often find it obaciire or un- 
aatisJGictory ; for its various parts are so connected with each other 
as to form an uninterrupted chain of fkcts and reasonings, which 
will appear sufficiently clear and consistent to those only who may 
have patience to go through the whole work, or have previously 
devoted some attention to the subject 

It will, no doubt, be observed, that in the course of these Conver- 
sations, remarks are often introduced/ which appear much too acute 
for the young pupils, by whom they are supposed to be made. Of 
this &ult the author is fully aware. Bt^ in order to avoid it, it 
would have been necessary either to omit a variety of useful illus- 
trations, or to submit to such minute explanations and' frequent 
repetitions, as would have rendered the work tedious, and therefore 
lesB suited to its intended purpose. 

'In writing these pages the author was more than once checked in 
her progress, by the apprehension tbat such an attempt might be 
considered by some, either as unsuited to the ordinary pursuits of 
her sex, or ill-justified by her own imperfect knowledge of the sub- 
ject ' But, on the one hand, she felt encoui-aged by the establish- 
ment of those public institutions, open to both sexes, for the dissemi- 
nation of philosophical knowledlge, which clearly prove that the 
general opinion no longer excludes woman from an acquaintance 
with the elements of science ; and, on the other, she Mattered her- 
self, that whilst the finpression made upon her mind, by the won- 
ders of Nature, studied in this new point of view,- were still fresh 
and strong, she might perhaps succeed the better in communicating 
to others the sentiments she herself experienced. 

The reader will perceive, in perusing this work, that he is sup- 
posed to have previously acquired some slight knowledge of Natu 
ral Philosophy, a circumstance so desirable, that the author haS; 
ennce the original publication of this work, been induced to offer tc 
the public a small tract, entitled << Conversations on Natural Phi 
losophy," in which the most essential rudiments of that science are 
fiuniliarly explained. 
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OR TH£ OEITERAL 9BIIVCIPLE8 Of CHEMI8TRT. 

Mrs. JB. As 70a have now acquired some elementary notions 
of I^ATURAL Philosopht, I am going to propose to yon another 
Inranch of science, to which I am particularly anxious that you 
should devote a share of your attention. This is Chsmibtrt, 
which is so closely connected with Natural Philosophy, that the 
study of the one must be incomplete without soifie loiowledge of 
the other ; for, it is obvious that we can derive but a very imperfect 
idea of b6dies from the study of the general laws by which they are 
governed, if we remain totaUy ignorant of their intimate nature. 

Caroline, ^ To confess the truth, Mis. B., I am not dicqposed to 
form a very favorable idea of Chemistry, nor do I expect to defive 
much entertainment from it. I prefer the sciences which exhibit 
nature on a grand scale, to those that are confined to the minutin 
of petty details. Can the studies which we have lately pursued, 
the general properties of matter, or the revolutions of the heavenly 
bodies, be compared to the mixing^ up of a few insignificant drugs ? 
I grant, however, there may be some entertaining experimente in 
Chemistry, and should not dislike to try some of them ; the distil- 
ling of lavender, for instance, or rose water.... 

Mrs, B, I rather imagine, my dear Caroline, that your want of 
taste for chemistry proceeds from the very limited idea you enter- 
tain of its object. You confine the chemist's laboratory to the nar- 
row precincts of the apothecary's and perfumer's shops, whilst it is 
subservient to an immense variety of other useful purposes. Be- 
sides, my dear, chemistry is by no means confined to works of art. 
Nature also has her laboratory, which is the universe, and there she 
is incessantly employed in chemical operations. You are surprised, 

Caroline ; but I assure you that the most wonderful and the most 

'^^~ . .. -^ - - -- ■ — -■ - ^ _ 

f 1. With what other study is that of chemistry closely connected ? 

2.> Why is the study or Natural Philosophy incomplete without 
that of Chemistiy ? 

* 3. What does Mrs. B. consider a chemical laboratory, in its most 
Extended signification ? 

2» 
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interesting phenomena of nature, and almost all of them produced 
by chemical powers. What Herman, in the introduction to his 
history of chemistry r has said of uiis science, will give you a more 
just and eidarged idea of it. The knowledge of nature may be divi- 
ded, he observes, into three periods. The first is that in whi<^ the 
attention of men is occupi^ in learning the external forms and 
characters of objects, and this is called Natural History* In the 
second, they consider the e^ct of bodies acting on each other by 
their mechanical power, as their weight and motion, and this con- 
stitutes the science of Natural PkUosoph/, The third periodpi 
that in which the properties and mutual action of the elementary 
parts of bodies are investigated. This last is the science of Chbm- 
iBTRT, and I have no doubt you will soon agree "with me in think- 
ing it the most interesting. 

You may easily conceive, therefore, that without entering into 
the minute details of practical diemistry , a woman may obtain such 
a knowledge of the science as will not only throw an interest on 
the common occurrences of life, but will enlarge the sphere of her 
ideas, and render the contemplation of nature a source, of dehght-* 
ful instruction. 

Caroline, If this is the case, I have certainly been much mista- 
ken in the notion I had formed of chemistry. I own that I thought 
it was chiefly confined to the knowledge and preparation of medi- 
cines. 

Mrs. B. Thatvis only a branch of Chemistry which is called 
pharmacy, and though the study of it is, no doubt, of great import- 
ance to the world at larffe, it belong-s exclusively to professional 
men, and is therefore the last that I should advise you to pursue. 

limily. But did not the chemists formerly employ themselTes in 
search of the philosopher's stone, or the secret of making gold ? * 

* The Alchymists had in view three great objects of discovery, 
viz. 1st. The tUixir of health; by the use of which the lives of men 
might be protracted to any desirable length, or their mortality pre- 
vented. 2d. The universal solvent^ or a Uquid which should dis- - 
solve every other substance. This, it was supposed, would lead to 
the grand discovery. 3d. The making of gold or finding the pkir 
losopher's stone. That men of sound and discriminating minds on 
other subjects should have spent their whole lives in pursuits so 
chimerical, is to us wonderful indeed. But our wonder ceases in 
some degree, when we are told that the doctrine of transmutation, 
&c. was found on a Theory y which, in the 1:2th century, was con- 
sidered as plausible as we consider many of ours at the present 

day, viz. That a perfect metal consisted of quicksilver and sulphur ; 

■' ■ ■ - ... ■ 

4. To what author does Mrs. B. allude in her introductory re- 
piarks? 

5. Into how many periods does Bergman divide the knowledge of 
nature ? 

6. What is the first.' 

7. What is the second .' 

8. What is the third ? 

9. What is that branch of chemistij called Pharmacy .' ^ 
10. What thru great (^ects had tka Atehymists in view f 



OF cnansniT. 

96r8. B* ThBBB were a particular set of misguided philofophers, 
who dignified themselres with the name of Alchymists, to distinguuBh 
their puxsuits from those of the common chemists, whose studies 
were confined to the knowledge of medicines. 

But since that period, chemistry has undergone so complete a 
xevolutipn, that, from an obscure and mysterious art, it is now be- 
come a regular and beautiful science, to which art is entirely sub- 
servient. It is true, however, that we are indebted to the Alchy- 
mists for many very useful discoveries, which sprung from their 
fruitless attempts to make gold, and which, undoubtedly, have pro- 
ved of infinitely greater advantage to mankind than all their chi- 
merical pursuits. 

The modern chemists, instead of directing their ambition to the 
vain attempt of producing any of the original substances in nature, 
rather aim at analyzing- and imitating her operations, and have 
sometimes succeeded in forming combmations, or effecting decom- 
positions, no instances or which occur in the chemistry of Nature. 
They have little reason to regret their inability to make gold, whilst 
by their innumerable inventions and discoveries, they have so great- 
ly stimulated industry and facilitated labor, as prodigiously to in- 
cresBC the luxuries as well as the necessaries of life. "^ 

Emily, But I do not understand by what means chemistry can 
facilitate labor ; is not that rather the province of the mechanic ? 

Mrs, B, There are many ways by which labor may be render^ 
ed more easy, independently of mechanics ; but mechanical in- 
ventions themselves, often derive their utility from a chemical prin- 
ciple. Thus that most wonderful of all machines, the Steam En- 
gme, could never have been invented without the assistance of 
chemistry. In agriculture", a chemical knowledge of the nature of 
soils, and of vegetation, is highly useful ; and m those arts which 
relate to the comforts and conveniences of life, it would be endless 
to enumerate the advantages which result firom the study of this 
science. 

Caroli7i£, But pray, tell us more precisely in what manner the 
discoveries of chemists have proved beneficial to society ? 

these, when pure and united, formed gold. That all other metals 
contained a quantityof dross, which prevented the particles of these 
two substances firom uniting. If, therefore, this dross could be got 
rid of in the other metals, gold would be the result. They believed 
also, that nature herself favored this operation. Thus TViar Ro- 
ger Bacon, in his Mirror of Alchymy, says, " I must tell you that 
nature alwaies intendeth and striueth to the perfection of gold ; but 
many accidents coming between, change the mettalls," &c. See 
his Book printed in 1597, chap. ii. — C. 

- ■ - - ■ — — 

\ Jl. Who were formerly called Alchymista? 

' 12. Why did they assume this name ? 

' 13. What is the object of modem chemistry ? 

14. Can chemistry afford any assistance in manual labor ? 

' 1 5. What are instances of it ? 

16. How is chemistry serviceable in agriculture ? 

- 17. What opinion is said in the note, to have prevaiUd in the 12C^ 
emtury m reltUion to metals t 



Mrs, B, Tliat woult be an kLiodicioos anticipation; for joa 
would not comprehend the nature of such discoveries and useful ap- 
plications, as Well as you will do hereafter. Without a dup regard 
to meliiod, we cannol expect to make any progress in chemistry. 
I wish .to direct your obserradon chiefly to the chemical opera- 
tions of Nature ; but those of art are certainly of too high impor* 
tance to pass unnoticed. We shall therefore allow them also soma 
share of our atteution. 

JBmili/, Well, then, let us now set to work regularly. I am very 
anxious to beffin.^ 

Mrs, B, The object of chemistry is to obtain a knowledge of the 
intimate nature of bodies, and their mutual action on each other. 
You find, therefore, Caroline, that this is no narrow or confined 
science, which comprehends every thing material within our 
sphere. 

Caroline, On the contrary, it must be inexhaustible ; and I am 
at a loss to conceive how any proficiency can be made in a science 
who^i objects are so numerous. « 

Mrs, S* If every individual substance were fonned of different 
materials, the study of chemistry would, indeed^ be endless ; but 
you must observe that the various bodies in nature, are composed 
of certain elementary principles, which are not very numerous. 

Caroline, Yes ; I know that all bodies are composed of fire, air, 
earth, and water ; I learnt that many years ago. 

Mrs. B, But you must now^ endeavor to forget it. I have al- 
ready informed you what a great change chemistry has undergone 
since it has become a regular science. - Within these thirty years 
especially, it has experienced an entire revolution, and it in now 
proved that neither fire, air; earth, nor water, can be called elemen* 
tary bodies. For an elementary body is one that has never been 
decomposed, that is to say, separated into other substances ; and 
fire, air, earth, and water, are all of them susceptible o^ decompo- 
sition. 

Endfy, I thought that decomposing a body was dividing it into 
its minutest parts. And if so, I do not understand why an elemen- 
tary substance is not capable of being decomposed, as well as any 
other. 

Mrs. B. You have misconceived the idea of decomposition ; it is 
very different from mere division. The latter simply reduces a 
body into parts, but the former separates it into the various ingre- 
dients, or materials, of which it is composed. If we were to take 
a loaf of bread and separate the several ingredients of which it it 
made, the flour, the yeast, the salt, and the water, it woidd be very 
diflferent from cutting or crumbling the loaf into pieces. 

Emily, I understand you now very well. To decompose a body 

, 18. To what does Mrs. B. say it is necessary to pay regard in tb9 
study of chemistry 1 * 

. 19. Of what are the various bodies in nature composed ? 
' 20. Of what was it formerly thought they were composed i < 

21. What is an elementary body ? 

22. What is the difference between division and decompositioa ' 

23. What are instances of decomposition ? 






k to sepaifate from each otberthe varions elementary sabatanods 
of whicn it consists. 

Caroline. But flour, water, and other materials of bread, accord* 
mg to your definition, aie not elementary substances. 

Mrs, B. No, my deajr; t mentioned bread rather as a femiliaf 
comparison to illustrate the idea, than as an example. 

The elementary substances of \$rhrch a body is composed are 
called the consHtwnt parts of that body ; in ^^omposing it, there- 
ibre, we separate its constituent parts. If, on the contrary, we di- 
vide a body by chopping it to pieces, or even by grinding or pound-* 
ing it to the finest poi^der, each of these smaJl particles will still 
consist of a portion of the several constituent parts of the whole 
body : these are called the integrant parts ; do you understand the 
difference? 

Emiy, Yes, I thinlc perfectly. We decompose a body into its 
constitverU parts ; and divide it into integrant parts.. 

Mrs* B, Exactly so. If, thereibre, a body consists of only one 
kmd of substance, thjough it may be divided into its integrant parts,^ 
M T» not possible to decompose it. Such bodies are therefore call- 
ed simple or elementary, as they are the elements of which all other 
bodies are composed. Compound bodies are such as consist of more 
than one of these elementary principles. 

CaroHne. But do not fire, air, earth, and water, consist each of 
ihem, but of one kind of substance ? 

Mrs. B. No, my dear : they are every one of them susceptible 
6f being separated into various simple oodies.. Instead of four, 
chemists now reckon no less than fifty-seven elementary sub- 
stances.^ The existence of ioaost of these is established by the 
clearest experiments ; but, in regard to a few of them, particularly 
the most subtle agents of nature, heat, light, and electricity, there 
is yet much uncertainty, and I can only give you the opinion which 
seems most probably deduced fr9m the latest discoveries. After I 
have given you a hst of the elementary bodies, classed according 
to their properties, we shall proceed to examine each of them sepa- 
rately, and then consider them in their combinations with each 
other. 

£lxcept the more general agents of nature, heat, light and elec- 
tricity, It would seem that the simple form of bodies is that of a 
metal.'"' 

CaroUne. You astonish me ! I thought the metals were only one 

* No actual discovery makes this probable. It is supposing that 
all the gases, as oxygen, hydrogen, &c., as well as phosphorus^ sul- 
phur, and carbon, and several other substances are in part com- 
posed of a metal, and yet not one among this number are known to 
nave metallic bases.— C. 



f 
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21. What are the constituent parts of a hp6j ? 

25. What are mtegrafU parts of a body ? 

26. How may compound bodies be defined.' 
^ 87. How many elementary substances are there ? 

S8. Concerning which three of them is there much uncertainty ? 
29. How is it proposed to examine these elementary substances? 
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class of minerals, and that there were besides, earths, stones, rodcs) 
acids, alkalies, vapors, fluids, and the whole of the animal and 
TOffetable Idngdoms. 

Mrs. B. 1 ou have made a tolerably good enumeration, thongh I 
fear not arranged in the most scientific order. All these bomes, 
however, it is now strongly believed, may be ultimately resolved 
into metalUc substances.* Your surprise at this circumstance is 
not singular, as the decomposition of some of them, which has been 
but lately accomplished, has excited the wonder of the whole philo- 
sophical world. 

But to return to the list of simple bodies — these being usually 
found m combination with oxygen, I shall class them accerdkig to 
their properties when so combined. This will, I think, facihtate 
their future investigation. 

JSmily, Pray what is oxygen ? 

Mrs. B. A simple body ; at least, one that is supposed to be so, 
as it hafi never been decomposed. It is always found united with 
the negative electricity. It will be one of the first of the elemental 
ry bodies, whose properties I shall explain to you, and, as you wiU 
soon perceive, it is one of the most important in nature ; but it 
would be irrelevant to enter Upon this subject at present. We 
must now confine our attention to the enumeration and classifica- 
tion of the simple bodies in general. They may be arranged as 
follows : 

CLASS I. 

Comprehending the imponderable agents, viz: 

HKAT OR CALORIC, 
LIGHT, 

SLECTRICITY. 

CUi.SS II. 

Ckmiprehendir^ agents capable of tmiting with inflammable 
bodies, and in most instances of effecting their combustion. 

ozTOsir, 

CHl4^RIirEy 
lODIlfE.f 



* Three of the alkalies only are known to have metallic bases. 

f A majority of the most learned Chemists, it is believed, have 
doubted whether Chlorine and Iodine were supporters of combus- 
tion, any farther than they contain oxygen. — C. 

■ ■ » - . ' . ■ ' ■ " 

90. "With what are simple bodies usually fou;u|' in combination ? 

31. With what are they always found united ? 

32. Which of the elementary substances are included in the fiiil 
chuM? 

33. What one does the second class include i 

34. Whatnumbertf the alkaUes are knaum to have metaUie hoses ^ 
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Camg^^f^hendii^ bodiea capable of uniiing toUh pxf^en^ ami 
formns vnjSH U var%ou» compounds, . This cUua iinay he 
diMded as follows : 

DIVISION 1. 

HTDlioGEii', forrmng Water, 

DfVISIOlT 3. 

Bodies forming acids. 



KITROGEir, . 

PHOSPHO&irS,' 
CABBOir, 
BORACIITM, . 

1CITEIA1'IT7M^ 



. forming nitric acid. 

. /omin^- sulphuric acid. 

. ^forming phosphoric acid. 

. forming carbonic acid. 

. forming boracic acid. 

. forming fluoric acid. 

. forming muriatic acid. 

Diyisioir 3. • 



MetMie hodies forming alkalies. 
poTAssiTTM, . . . forming pbtash* 



SODIUM, . 
AMMOiriXTM, 
TIiITHIUM, 



forming soda. 
forming ammonia. , • 
forming lithina.* 



DiYisioir 4. 

M^talHc bodies forming earths, 

CALCIUM, OT metal forming lime. 

. forming magnesia. 

. forming barytas. 

. forming strontites. 

, forming silex. 

. forming alumine. 

. forming yttria. 

. forming glucina. 

. forming zirednia.f 

. forming thorina.^ 



MAGiriUM, 
BARIUM, . 
^ STRONTIUM, 
'SIIilCIUM, 
AI'I^MIUM, 
YTTRIUM, 
GLUCIUMj 
ZIRCONIUM, 
THORNIUM, 



* This fourth alkali was discovered by Mr. Arfundson, a Swedish 
<^emist, so recently as the year 1818. 

t Of all these earthe three or four only have as yet been distinct- 
ly decomposed. 

^'^Thomuiy a new earth dlscovei^^ by BerzeUus in 1816, in a 
mineral composed of fluoric acid and cerium. 

»^ _ » » 

^. What one makes the first division of the third class ? 
y 36. What ones make the second division of the third class ? 

37. What ones make the third division of the third class? 

38. What ones make the fourth division of the third -class ? 
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Mdabf iitker naiurallv metallic^ or )fteldir^ tkeir oxygen ^h 

carbon or io head alone, 

8U9DIVIBI0V 1. 

Jifalleabk Metals, 

60X<D» COFPES, 

PLATIir A, lttS>Jfy 

PALLADIUM, LEAP, 

BILVER,* VICKEL, 

MEKCTTRVyf Zljrc, ~ 

TIN, CADICXUM*^ 

SX7BOIT. 3. 

Brittle Metah, 

ARSENIC, ANTIMONY, 

BISMUTH, MANaANESE, 

B'*:LENIT7M,^ URANIUM, 

TELLURIUM, CbLUMBIUM Of TANTALuic, 

eOBAI^T, IRJ^BIUM, 

.TUNGSTEN, OSMIUM, 

MOLYBDENUM, RHODIUM, 

TITANIUM, CERIUM.] 
CHROME 



i 



* These first four metals have commonly been distinguished hy 
the appellation of perfect or noble metals, on account of their pos- 
sessing the characteristic properties of ductility, malleability, in- 
alterabUity, and g^eat spec£&c gravity, in an emment degree. 

f Mercury, in its liqiiid state, cannot, of course, be called a mal- 
leable metal. But when frozen, it possesses a considerable degree 
of malleability. 

X A metal resembling tin ; which was discovered in 1819, in an 
ore of zinc, by Mr. Stromeyer. 

§ Selenium was discovered a few years ago by Berzelius, in the 
ferruginous p3nites of Fahlun, of Sweden. It has the metallic lus- 
tre, but it does not condact electricity, and is but a bad conductor 
of caloric. It passes to the state of oxide and acid, so that it mi^ht 
perhaps morjs strictly be classed with sulphur. It may be distin- 
guished by the smell of its vapor, which is that of horse radish. 

] These four or five metallic bodies are placed under this class for 
the sake of arrangement, though some ot their properties have not 
been yet fully investigated. 

39. What ones make the first part of the fiflh division in the third 
class ? 

40. What ones make the second part of the fiflh division in the sec- 
* ond class P 

, 41. Why have gold^ jilaiina^ palladium j and silver been called perffSBt 
'&rnoUe metals t 
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Caroline, Oh, what a formidable list ! you will have much to dio 
to explain it, Mrs. B. ; for I assure you it is perfectly unintelligible 
to me, and I think rather perplexes than assists me. 

Mrs, B. Do not let that alarm'you, my dear, T hope that hereaP 
ter this classification will appear quite clear, and, so far from per- 
plexing you, will assist you in arranging your ideas. It would be 
m Tain to attempt forming a division that would appear perfectly 
clear to a beginner ; for you may easily conceive that a chemical 
division being necessarily founded on properties with which you are 
almost wholly unacquainted, it is impossible that you should at once 
be able to understand its meaning or appreciate its utility. 

But, before we proceed further, it will be necessary to give you 
some idea of chemical attraction, a power on which the whole sci- 
ence defjends. 

Chemicdl Attraction, or the Attraction of Composition, consists in 
the peculiar tendency which bodies of a different nature have to 
unite with each other. It is by this force that all the compositions, 
and decompositions are effected. 

Effdly, What is the difference between chemical attraction, and 
the attraction of cohesion or of aggregation, which you often men- 
tioned to us in former conversations ? 

Mrs,.B, The attraction of cohesion exists only between particles 
of the same nature, whether simple or compound ; thus it unites the 
particles of a piece of metal which is a simple substance, and like- 
wise the particles of a loaf of bread which is a compound. The at- 
traction of composition on the contrary, unites and maintains, in a 
state of combination, particles of a dissiviilar nature ; it is this pow- 
er that forma each of the compound particles of which bread con- 
sists ; and it is by the attraction of cohesion that all these particles 
are connected into a single mass. 

Emily. The attraction of cohesion > then, is the power which unites 
the integrant particles of a body ; the attraction of composition that 
which combines the constituent particles. Is it not so ? 

Mrs. B. Precisely ; and observe that the attraction of cohesion 
unites particles of a similar nature, without changing their orimnal 
properties ; the result of such an union, therefore, is a body of the 
same kind as the particles of which it is formed ; whilst the attrac- 
tion of composition, by combining particles of a dissimilar nature, 
produces compound bodies, quite different from any of their constit- 
uents. If, for instance, I pour on the piece of copper, contained in 
this glass, some of this liquid (which is called nitric acid,) for which 
it has a strong attraction, every particle of the copper will combine 
^yith a particle of acid, and together tliey will form a new body, to- 
tally different from either the copper or the acid. 

42. Why do the divisions in chemical science appear unmeaning to 
Uie young student? 

43. What is chemical attraction or the attraction of composition ? 
><44. What is the difference between chemical attraction and the at- 
traction of cohesion ^ 

45. What is the experiment mentioned as illustrating chemic^ at- 
tnction ? 

^ iQ. What will be the result if copper and nitric acid are pat to- 
|;ether. 

3 
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Bo you obsenre the internal commotion that ahready beg:in8 tO: 
take place ? It is produced by the combination of these h^ro sab*, 
stances,* and yet the acid has, in this case, to overcome not only the 
resistance which the strong cohe^ri of the particles of copper (^ 
poses to their combination with it, but also to overcome the weight 
of the copper, which makes it sink to the bottom of the glass, and 
prevents the acid from having such free access to it as it would if 
the metal were suspended in the liquid. 

Emily. The acid seems, however, to overcome both these obsta* 
cles without difficulty, and appears to be very rapidly dissolving the 
copper. - * 

Mrs. B. By this means it reduces the copper into more minute 
parts than could possibly be tione by any mechanical power. But 
as the acid can act only on the surface of the metal, it will be some 
time before the union of these two bodies will be completed. 

You may, however, already see how totally different this com- 
pound is from either of its ingredients. It is neither colorless, like 
the acid, nor hard, heavy, and yellow like the copper. If you tasted 
it, you would no longer perceive the sourness of tne acid. It has at 
present the appearance of a blue liquid ; but when the union is com- 
pleted, and the water with which the acid is diluted, is evaporated, 
the compound will assume the form of regular crystals of a fine 
blue color, and perfectly transparent.! Of these I can show you a 
specimen, as I have prepared some for that purpose. 

Caroline » How beautiful they are in color, form, and transpa- 
rency ! 

Emily. ^ Nothing can be more striking than this example of chem- 
ical attraction. 

Mrs. B. The term attraction has been lately introduced into 
chemistry as a substitute for the word affinity j to which some chem- 
ists have objected because it originated in the vague notion that 
chemical combinations depended upon a certain resemblance, or 
relationship, between partjcles that are disposed to unite ; and this 

* This hardly explains the process. A part of the oxygen of the 
nitric acid unites with the copper ; and in consequence of this loss 
of oxygen, the nitric acid is converted into nitrous gas. It is the 
escape of this gas through the water as it is formed that occasions 
the commotion. — C. 

f These crystals are more d^ily obtained from a mixture of sul- 
phuric with a little nitric acid.| 

J These crystals are sulphat of copper, or what is commonly 
known under the name of blue vitriol. — C. 

47. What has the acid in this experiment to overcome .'' 

48. On what part of a metal can the acid operate in this experi- 
ment ^ 

49. What is the appearance of the compound substance thus formed 
of copper and nitric acid ? 

50. in the place of what term has chemical attraction been substi- 
tuted ? 

51. What is kaid in the note to produce the commotion when copper and 
nitric acid are put together f 

52. What was the objection to the term aSiBity ? 
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idea iBiiot only imperfect but erroneous, as it is generally partieles 
of the most dissimilar nature, that have the greatest tendency to 
combine. 

CaroHne. Besides there seems to be no advantage in using a va- 
riety of terms to express the same meaning ; on the contrary, it 
creates confusion ; and as we are well acquainted with the term 
Attraction in natural philosophy, we had better adopt it in chemis- 
try likewise. 

Mrs. B. If you have a clear idea of the meaning, I shall leave 

fou at liberty to express it in the terms you prefer. For myself^ 
confess that I think the word Attraction best suited to the gen- 
eral law that unites the integral particles of bodies ; and Affinity 
better adapted to diat which combines the constituent particles, as 
it may convey an idea of the preference which some bodies have 
for others, which the term attraction of composition does not so well 
express. 

Emily. So I think ; for though that preference may not result 
from any relationship, or similitude, between, the particles (as you 
say was once supposed,) yet as it really exists, it ought to be ex- 
pressed. 

A&-*. B. Well, let it be agreed that you may use the terms affini- 
ty, dtemical attraction, and attraction of composition, indifferently, 
provided you recollect that they have all the same meaning. 

Ermty. -1 do not <Sonceive how bodies can be decomposed by 
chemical attraction. That this power should be the means of com- 
posing them is very obvious ; but that it should at the same time, 
produce exactly the contrary effect, appears to me very singular. 

Mrs. B. To decompose a body is, you know, to -separate its coa^ 
stituent parts, which, as we have just observed, cannot be done by 
meckahical means. 

Eimty. No ; because medianical means separate only the inte- 
grant particles ; they act merely against the attraction of cohesion, 
a*id only divide a compound into smaller fjarts. 

Mrs. B. The decomposition of a body is performed by chemical 
powers. If you preseA to a body composed of two principles, a 
third, which has a greater affinity for one of them than the two firsf 
have for each other, it will be decomposed, that is, its two principles 
will, be separated by means of the third body. Let us call two in» 
gredients, of which the body is composed, A and B. If we present 
to it another ingredient C, which has a greater affinity for B than 
that which unites A. and B, it necessarily follows that B will quit A 
to combine with C. The new ingredient, therefore, has effected a 
decomposition of the original body A B ; A, has been left alone, and 
a new compound B, C, has been formed. 

ErnHy. We might, I think, use the comparison of two friends, 
who were very happy in each other's society, till a third disunited 
them bythe preference which one of them gave to the new comer. 

53. Why does Mrs. B. prefer the term affinihr ? 
\ 54. By what means can decomposition be effected ^ 

55. £fdW''Can.& compound body be decomposed? 

56. What illustration is given of the manner of decomposing a 
body.? 
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Mrs, B, Very weM. I shall now «how ygu how this takes placo 
in chemistiy. 

Let us suppose that we wish to decompose the compound we have 
jnst fonned oy the oomhination of the two in^edients, copper and 
flltric acid ; we may do this by presenting to it a piece of iron, fox 
which the acid has a stronger attraction than for copper ; the acid 
will, eonsequentiy, quit the copper to combine with ^he iron, and 
the copper will be what the chemists call precipitated^ that is to say, 
it will be thrown down in its separate state, and re-appear in i\» 
simple form. 

In order to produce this effect, I shall dip the blade of this knife 
into the fluid, and when I take it out, you will observe that ^istead 
of being wetted with a bluish liquid, like that contained in the glass,^ 
it will be covered with a thin coat of copper. 

Caroline. So it is really ! but then is it not the copper instead of 
the acid, that has combined with the iron blade ? 

Mrs, B, No; you are deceived by appearances; it is the acid 
which combin'es with the iron, and in so doing, deposites or precipi- 
tates the copper on the surface of the blade. 

Emiij/. But cannot three or more substances combine together, 
without any of them being precipitated ? 

Mrs, B, That is sometimes the case ; but in general, the strong- 
er affinity destroys the weaker ; and it seldom happens that the at- 
traction of several substances for each other is so equally balanced 
as to pro4uce such complicated compounds."^ 

Caroline, But pray, Mrs. B. what is the cause of the chemical 
attraction of bodies mr each other ? It appears to me more extraor- 
dinary or unnatural, if I may use the expression, than the attrac- 
tion of cohesion, which unites particles of a similar nature. 

Mrs, B, Chemical attraction may, like that of cohesion or grav- 
itation, be one of the powers inherent in matter, which, in our 
present state of knowledge, admits of no other satisfactory expla- 
nation than an immediate reference to a divine cause. Sir H. JDa- 
vy, however, whose important discoveries have opened such im- 
proved views in chemistry, has suggested an hypothesis which may 

• Such compounds are quite numerous. They are called triple 
salts. Alum is one. It is composed of alumine, potash and sulphu- 
ric acid. Tartar Emetic is another. It is composed of tartaric 
acid, potash and antimony. — C. 

57. How can tbe substance formed of copper and nitric acid be de- 
composed ? 

58. Why will decomposition take place on the application of iron ? 

59. What is precipitation ? 

60. If it is the acid which combines with the iron, why is the iron 
covered with a thin coat of copper in this experiment P 

61. Do more than two simple substances ever unite in forming th« 
same compound ? 

62. What are such compounds called 9 

63. Wkat are instances of them f 

64. What is one of the powers in addition to those mentioned by 
philoBdpfaeiB which may be considered as inherent in bodies.' 
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throw* gtaat Mfht ti]>on that science. He suppoees that there are 
two kinds of electricity, with one or other of which all bodies are 
fmited. These we distinguish by the names of positive und jtegth 
live electricity ; those bo£e8 are disposed to oombine^ which pos- 
sess opposite electricities, as they are brought together by the at- 
traction which these electricities have for each other. But, whether 
this hypothesis be altogether -founded on truth or not, it is impossi- 
ble to question the great influence of electricity in chemical dom- 
binations. 

J^JmUy, So, that we may suppose that the two electricities; al- 
ways attract each other, and thus compel the bodies in which they 
exist to combine?* ' 

CarfUne, And may not 4his also be the cause of the attraction of 
cohenon? 

' Mrs. B, No, fi>r in partides of the same nature, the same elec- 
tricities must prerailfsand it is only the different or opposite eleo- 
trie 'fluids that attract each other. 

CaroUne, These electricities seem to me to be a kind of chemi- 
cal spirit which animates the partides of bodies, and draws them 
together. 

Eaubf. If it- is known, then, with, which of the electricities bod- 
ies 4ire nnited^ it can be inferred which will, and which ^oll not 
oonriiine together? 

Mrs. B, Certainly. — I should not omit to mention, that. some 
doubts have been entertained, whether electricity be reaDy a ma- 
terial a^nt, or whether it might not be a power inherent in bod- 
ies, similar to, or perhaps identical with attraction. 

' ; \, m .1 . . ... 

* There seems^to be an objection to this theory as explained herer. 
When two bodi^, one in the positive, the other m the negative state 
4>f electricity, are presented to each other, a mutual attraction takes 
place, until they touch, or come within the striking distance, so 
that the electric #ud «ean pass £nem the positive to the ncj^ative 
body. When this is effected, they are said to be in a state of equip 
libnum, or in the same state of electricity, and consequently nei- 
ther attract iior repel each other. If, therefore, chemical attrac- 
tion depends on- the different electrical ^states of the particles, we 
are dtill at a loss how to account far their adhesion even after they 
are united. The oelelnrated Kepler accounted for the affinity of 
particles by supposing each to ha^re its Jikiag^s and its antipathies, 
and the power of choosing accordingly. This theory only wants 

our belie/ to make it sati^actory.^-Cf. 

t •• ' ■ ' ' ■■ ■ III I 

65. How many kinds of €^ctricity are there, and what are they 
called? 

68. What does Mta. B. think has a great influence in effecting 
chemical combinations? 

^. What is said of eUetridtu in the note f 

63. What difficulty arises if we suppose' chemical attractien to de- 
pend upon the different states of the pieurticles? 

69. How does Kepler account for the affinity of particles ? 

-4* 70. What doubts does Mrs. B. mention as having been entertained 
ionceniing electricity ? 
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Unjjfy, Bat what, Chen, would be the electric fepark whifth iSTii 
ible, and most*, therefore, be really material ? 

Af^5. B. What we call the electric spark, may. Sir H. Davy says 
be merely the heat and light, or fire prbduoed by the chemioa. 
oomMnations with which these phenomena are always connected: 
We will not, however, enter more fully on this important subject 
at present, but reserve the principal facts which relate to it to a 
future Conversation. 

Before we part, however, I must recommend you to fix in your 
memory the names of the simple bodies against our next interview. 



CONVERSATION II. 

on UGBT AND HSAT, OR CAItOfttC. 

CaroHne. We have learned by heart the names of all the simple 
bodies which you have enumerated, and we are now ready to entes 
on the examination of each of them successively. You will begin, 
I suppose, with light ? 

Mrs. B, Respecting the nature of light we have little more than 
conjectures. It is considered by most philosophers as a real sub- 
stance immediatelT emanating from the sun, and from all luminous 
bodies, from which it is projected in right lines with prodigious ve- 
locity. Light, however, bein? imponderable, it cannot be confined 
and examined by itself: and therefore it is to the effects it produ- 
ces on other bodies, rather than to its immediate nature, that we 
must direct our attention. 

The connexion between light and heat is very obvious ; indeed, 
it is such, that it is extremely difficult to examine the one inde- 
pendently of the other. 

Emify. But is it possible to separate light from heat ? I thought 
they were only difierent degrees of the same thing, fire. 

Mrs, /?. I told you that fire was not now considered as a simple 
element. Whether liffht and heat be altogether difierent agents, or 
not, I cannot pretend to decide : but, in many cases, hght may be 
separated from heat. The first discovery of this was made by a 
celebrated Swedish chemist, Scheele. Another very striking iUa»^ 
tradon of the separation of heat and light was long after pointed 
• out by Dr, Herscnell. This philosopher discovered that these two 
agents were emitted in the rays of the sun, and the heat was less 

71. If electricity is a power inherent in bodies, what woold the 
electric spark be which is visible, and therefore must be really mate- 
rial ? 

72. What do roost philosophers consider light.' 

73. With what is light obviously connected ? 

74. Can liffht and heat be separated ? 

75. Who mrst diacovered that UM*y are not inseparably connected * 
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tdhotgible &aii light ; fi>r, in separating: the dififerent ooloied raji 
ef light by a pxism^ (as we did some time a^J he foond that the 
gzeatest heat was be3rond the roe<itnim, at a little distance from the 
red rays, which, you may recoUect, are the least refrangible. 

Emdy. I shonld like to try the experiment. 

Mrs. B. It is by no means an easy one ; the heat of a ray of light 
tefiracted by a prism, is'so small, that it requires a very del&ate ther* 
mometer to distinguish the difference of the degree of heat within 
and without the spectrum. For in this experiment, the heat is not 
totally separated from the light, each colored ray retaining a cer- 
tain portion of it, though the greatest part is no^ sufficiently refira»> 
tM. to fall within Ae spectrum. 

Emib/. I suppose, men, that those colored rays which are the 
least reiranffiUe retain the greatest quantity of heat? 

Mrs, B. They do so. 
' ^Bniiy, Though I no longer doubt that light and heat can be 
separated, Dr. HerechelPs experiment does not appear to me to af- 
ford sufficient ^of tiiat they aie essentially different ; for light which 
you cafl a simple body, may likewise be divided into the vanous 
colored rays. ^ 

Mrs. B. No doubt there must be some di^rence in the various 
eolored rays. £yen their chemical powers are different. The 
blue rays for instance, have the greatest eiOfect in separating oxy** 
gen from bodies, as was found by Scheele ; and there exists also^ 
as Dr. Wollaston has shown, rays more refrangible than the blue^ 
which produce the same chemical effect, and, what is very remark- 
able, are invisible.* 

JEiniiy. Do you think it possible that heat may be merely a mod- 
ification of hffht ? 

Mrs. B. That is a supposition which, in the present state of nat- 
ural philosophy, can neither be positively affirmed nor denied. Let 
as, therefore, mstead of discussing the oretical points, be confented 
with examining what is known respecting tlie chemical efiects of 
-tight. 

Li^ht is capaUe of entering into a kind of transitory union with 
dertam substances, and this is what has been called phospho^ 
rescence. Bodies that are possessed of this property, after being 
exposed to the sun's rays, appear luminous in the dark. The shelfi 
^ fish, the bones of land animals, marble, limestone, and a variety 
of combinations of earths, are more or less powerfully pho8phor«»- 
oeat. 

* The violet rays h»fe the power of imparting the magnetic vii* 



76. How can they be separated ? 
. 77. Which of the coloted rays refracted by a prism, retain the 
|pteateBt-qaanti|y of heat? 
} 78. Wlv^t efilect have the blue rays on bodiea? 

79. What power haoe the violet rays as mentumed in the notet 

80. In what does the process amsist t 

81 . Is light capable of a union with other substances ? 
88. What is this union called ? 

83. With what substanees does this union mostly take place, in tfa* 
production of phosphorescence ? 
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CohBUne. 1 remember being mudi surprised last smmfter wiA 
the. phosphorescent appearance of some pieces of rotten wood, whiek 
had just been dug out of the ground ; they shone so bright that I 
at fii^ supposed them to be glow-worms. 

EnUh/, And is not the light of a glow-worm of a phosphorescent 

nature ? 

Mrs, J?. It is a very remarkable instance of phosphorescence in 
Hying animals ; this property, however, is not exclusively possessed 
by Uie glow-worm. The insect called the Ipthorn-fly, which is 

Seculiar to warm climates, emits light as it flies, producing in the 
ark a remarkably sparkling appearance. But it is more comnum 
to see animal matter in a dead state possessed of a phosphorescent 
qualit}r ; sesrfish is ojften eminently so;* ' . 

Emi^, I am rather surprised, Mrs. B., that you should have said 
so much of the light emitted by phosphorescent bodies, without tak- 
ing^any notice of that which is j^oduced by burning bodies. 

Mrs.B. The light emitted by the latter is so intimately oonneolt 
ed with the chemical history of combustion, that I must defer aH 
explanation of it till we come to the examination of that process, 
which is one of the most interesting in chemical science. ^ 

Efnily. I have. heard thai the sea has sometinies had the appear- 
ance of being illuminated, and that the light is supposed to proceed 
from the spawn of fishes floating^ on its surface. 

Mrs, B. This light is probably owing to that or some other anir 
mal matter. Sea water has been observed to become luminous 
from the substance of a fresh herring having been immersed in it^ 
and certain insects of the Medusa kind, are known to produce simir 
iar efiects. 

But the strongest phosphorescence is produced by chemical cooi- 
positions prepared for the purpose ,^the most common of which coq- 
sists of oyster-«hells and sulphur, and is known by the name of Can- 
ton's Phosphoras.f 

' ■ . , . . 

tue to steel. The process consists in intercepting all the rays e:^ 
cept this, and of throwing this, b^ing &st edle^ed into a locus by 
a lens, on the middle of a needle, and carryingit towards the extrem- 
ity. This is to be done many times, and always towards the sama 
extremity. After a while the needle acquires 'polarity. — C. 

* The phosphorescence of dead animals is owmg to the escape of 
phosphorus in the form of phos^phoretted hydrogen. This is set free 
from its combination Vith the substance of the animal by the pUtr^ 
£ictive fermentation. — C. 

. f To prepare this, mix three parts of oyster-shells calcined for an 
hour and pulverized with one part of sulphur. This is to be rammed 
into a crucible, which is to be kept at a red heat for one hour. On 

y 84. What remarkable instances of phosphorescence in living anioialB 
are mentioned ? 

^ 85. To what is the phosphorescence of dead ammals owing f 
i 86. How is it freed from its combinatioH with the substance of ths 
animal f ^ 

87. What is the strongest .phosphorescence, or how is it produced? 

88. Haw is this substance irspiredf 



' light is an agent capable of producmg imooa chemical changes. 
It is essential to the wel&re both of the animal and vegetable kmg* 
doBis ; for men and plants grow pale and sickly if deprived of its 
salutary influence. It is Ukewise remarkable for its property of de* 
stroying color, which renders it of great consequence m the pro* 
cess of bleaching. 

EmUy, Is it not singular that light, which in studying optics we 
were taught to consider as the source and origin of colors, should 
have also the power of destroying them ? 

Oxrohne, It is a fact, however, which we every day experience ; 
Y<m know it fades the colors of linens and silks. 

Emihf* Certainly. And I recollect that endive is made to grow 
white mstead of green, by being covered up so as to exclude the 
light. But by what means does light produce these e^ets ? 

Mrs. B. This I cannot attempt to explain to you until you have 
obtained a farther knowledge of chemistry. As the chemical pro- 
perties of light can be accounted for only m their reference to com- 
pound bodies, it would be useless to detain you any longer on this 
subject ; we^may, therefore, pass on to the examination of heat, or 
caloric, with which we are somewhat better acquainted. 

Heat and Light may be always distinguished by the different 
sensations they produce. lAglA ^ects the sense of sight ; Caloric 
that of feeling ; the one produces Vision, the otiier the ^nsation of 
Hut. 

-Caloric is found to exist in a variety of forms or modifications, 
and I tlunk it will be best to consider it under the two following 
heads, viz : 

1. Fa£e or radiant caloric. 

2. CoMBIinCD CAIiORIC. 

The first, freb or radiabtt cAiiORic, is alsc called heat of 
TEMPJiRATTTRE ; it oomprehcnds all heat which is perceptible to 
the senses, and afiects the thermometer. 

^Ttify. You mean such as the heat of the sun , of fire, of candles, 
of stoves ; in short, of every thing that bums f 

Mrs. B. And likewise of things that do not bum, as, for instance, 
the warmth of the body \ in a word, all heat that is sensible, what^* 
ever may be its degree, or the source firom which it is derived. 

Caroline. What, then, are the other modifications of caloric ? It 

■■ 

exposing some of this to the sun's rays, it absorbs light, and wilt 
ahme in the dark. This shows that light can be separated from 
heat.— C. 



89. What does this esqteriment prove f 
. 90. To what is light essential, and what remarkable property has \\X 
91. What do optics teach us to consider the source and origin of 
eok>fs? 

- 92. How may light and heat always be distinguished? 
' 93. Under what two heads is caloric oonsideied? 
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moBt be a stxaage kind of heat that cannot be perceired by. 6wc 
senses. 

' Mrs. B. None of the modifications of caloric shonld properly be 
called heat ; for heat, strictly speaking, is the sensation produced by 
caloric, on animated bodies ; this word, therefore, in the accurate 
language of science, should be confined to express the sensation. 
But custom has adapted it likewise to inanimate matter, and we 
say, the heat oj an oven, the heat of the sun, wi^out any reference to « 
the sensation which they are capable of exciting. 

It was in order to avoid the confusion, which arose from thus con- 
founding the cause and effect, that modem chemists adopted the 
newwiarord caloric, to denote the principle which produces heat ; yet 
they do not always, in compliance lyith their own language, limit 
the word heat to the expression of the sensation, since wey still fre- 
quently employ i^ in reference to the other modifications of calorio 
^which are quite independent of sensation.* 

Caroline, But you have not yet explained to. us what these other 
modifications of caloric are. 

Mrs, B, Because you are not acquainted with the properties of 
free caloric, and you know that we have agreed to proceed with 
regularity. 

One of the most remarkable properties of free caloric is its power 
of dilating bodies. Xhis fluid is so extremely subtle, that it enters 
. and pervades all bodies whatever, forces itself between their parti- 
cleS} and not only separates them, but frequently drives them asim> 
der to a considerable distance from each other. It is thus that ea- 
loric dilates or expands a body so as to make it occupy a gieatet 
space -^an it did before. : ' :. • i' 

Emih^. The effect it has on bodies, therefore, is directly ccmtrary 
to that of the attraction of cohesion ; the one draws the particles to> 
gether, the other drives them asunder. 

Mrs, B, Precisely. There is a continual struggle between the 
attraction of aggregation, and the expansive power of caloric: 
and from the action of these two opposite forces, result aU the va- 
rious forms of matter, or degrees of consistence, frt)m the solid to 
the liquid and aeriform state. And, accordingly, we find that most 
bodies are capable of passing from one of these forms to the other 

* If I touch a body at a higher temperature than my hand, J. im- 
mediately receive a quantity of ealoric from it, and at the same in- 
stant feel the sensation called heat. The caloric, thenf is the cause 
of this sensation, and heat the effect of caloric passing into mjr 
hand. — C. < 

94, What is free or' radiant caloric? 
' 95. What is heat, strictly speaking ? - ' . 

96. What is the difference between caloric and heat, as the terms 
are used by chemists ? 

97. What illustration of this is given in the notef 
/ 98. What is one of the most remarkable properties of free caloric ? 

99. What two forces are in direct opposition to each other ? 
y 100. From what result all the various forms of matter, or degrees of ^j 

CQusistenee in bodies? 
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laar^Iy m oonsequence of their Teceiring diBferent quantities of 
caloric. 

CaroUne, That is very-cnribiis; but I think I understand thd 
reason of it. If a great quantity of caloric is added to a solid* body, 
it introduces itself between the particles in such a manner, as to 
OTorcome, in a considerable degree, the attraction of cohesion ; 
and^e body, from a solid, is then converted into a fluid. 

Mrs. B. This ls the case whenever a body is fused or melted ; but 
if you add caloric to a liquid, can you tell me what is the conse- 
quence ?. 

CaroUne. The caloric forces itself in greater abundance between 
the particles of the fluid, and drives them to such a .distance from 
eateh other, that their attraction of aggregation is wholly destro^d; 
the liquid is then transformed into vapor. 

Mrs. B. Very well ; and this is precisely the case with boiling 
water, when it is converted into steam or vapor, and with all bodies 
that assume an aeriform state. 

Emily. I do not well understand the word aeriform. 

Mrs. B. Any elastic fluid whatever ; whether it be merely va- 
lour or permanent air, is called aeriform. 

But each of these various states, solid, liquid, and aeriform, ad- 
mit of diflferent degrees of density, or consistence, still arising 
(chiefly at least), from the different quantities of caloric the bodies 
contain . Solids are of various degrees^ of density, from that of gold, 
to that of a thin jelly. Liquids, from the consistence of melted 
glue, or melted metals, to that of ether, which is the lightest of all 
uquids. The different elastic fluids (with which you are ^not yet 
acquainted) are susceptible of no less variety in their degrees of 
density. 

Ermly. But does not every individual body also admit of different 
degrees of consistence without changing its state ? 

Mrs. B. Undoubtedly ; and this I can immediately show you by 
a very simple experiment. This piece of iron now exactly fits the 
firame, or ring, made to receive it ; but if heated red hot, it will no 
longer do so, for its dimensions will be so much increased by the 
caloric that has penetrated into it, that it will be much too large for 
the frame. 

The iron is now red hot : by applying it to the frame, we shall 
see^how much it is dilated. 

Emhf. Considerably so indeed ! I knew that heat had this 
effect on bodies, but did not imagine that it could be made so con- 
spicuous. 

I - ' m 

101. What causes bodies to pass from one of these forms to the other ^ 
- 102. How would you explain the manner in which a solid is con- 
verted into a liqaid ? 

103. If we add caloric to a liquid, what is the consequence ? 

J04. What is me^ni by the word aeriform } 

105. From what do the different degrees of density or consistence 
arise .^ 
1^106. Which is the lightest of all liquids .? 

107. Are the elastic fluids susceptible of various degrees of density ? 
* 108. Do bodies admit of different degrees of consistence witbMii 
changing their state? 
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^s, B. BjT means of this instnuflent (called a Pyrometer) ire 

may estimate, ui the most exact manner, the Tarious dilatations of 
any solid body by heat. The body we are now going to submit to 
trial is this small iron bar^ I fix it to this apparatus, and then 

Fig. 1. Pyrometer, 
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A A, Bar of metal. 19 3, Lamps burning. B B, Wbcsef work. C, Index. 

heat it by lighting the three lamps beneath it ; when the bar ex- 
pands, it increases in length as well as thickness ; and, as one end 
communicates with this wheel work, whilst the other end is fixed 
and immoveable, no sooner does it begin to dilate, than it presses 
against the wheel work, and sets in motion the index^ which points 
out the degrees of dilaitation on the dial plate. 

Emify. This is, indeed, a very curious instrument ; but I do not 
understand the use of the wheels ; would it not be more simple , 
and answer. the purpose equally well, if the bar in dilating, pressed 
against the index, and put it in motion without the intervention of 
the wheels ? 

Mrs. B. The use of the wheels is merely to multiply the motion, 
and therefore render the effect of the caloric more obvious ; for if 
the index moved no more than the bar increased in length, its mo- 
tion would scarcely be perceptible ; but by means of the wheels, it 
moves in a much greater proportion, which therefore renders the 
▼ariations far more conspicuous. 

By submitting different bodies to the test of the pyrometer, it is 
found that they are far from dilating in the same proportion. Dif- 
ferent metals expand in different degrees, and other kinds of solid 
bodies vary still more in this respect. But this different suscep- 
tibility of dilatation is still more remarkable in fluids than in solid 
bodies as I shall show you. I have here two glass tubes, terminated 

at one end by large bulbs. We shall fill the bulbs, the one with 

I ' . - -- — • — 

^)9. What experUnent proves that they do ? 

110. What is the use or the Pyrometer? 

111. How would you explain figure 1 ? 

112. What is the use of wheels in this instrument? 

'^ 113. Does caloric expand all bodies in the same decree .' 
114. Which are most susceptible of dilatalioa, fluids or solids' 
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Fig. 2. 



spirit of wine, the other with water, l have colored both Kquids, 
in order that the effect may be more conspicaouB. The spirit of 
wine, you see, dilates by the warmth of my hand as I hold the bulb.* 
Emtfy, It certainly does, for I see it is rising into the tube. But 
water, it seems, is not so easily affected by heat ; for scarcely any 
change is produced on it by the warmth of the hand. 

Mrs, B. True ; we shall now plunge 
the bulbs into hot water, and you will see 
both liquids rise in the tube ; but ^e spir- 
it of wine will ascend highest. 

Caroline, - How rapidly it expands ! 
Now it has nearly reached the tube, 
though the water has hardly begun to 
rise. 

-Bntfy. The water now begins to dilate. 
Are not these glass tubes, with liquids 
rising within them, very like thermome- 
ters. 

Mrs, B. A thermometer is constructed 
exactly on the same principle, and these 
tubes require only a scale to answer the 
purpose of thermometers ; but they' would 
be rather awkward in their dimensions.-— 
The tubes and bulbs of thermometers^ 
though of various sizes, are in general 
much smaller than these ; the tube too, is 
hermetically f closed, and the air excluded 
from it. The fluid most generally used in 
illVSS:rta'wi.kSS;?«*e™?"?etf«, is mercury, commonly caU- 
Imaiened. ed qmcksilver, the dilatations and con- 

tractions of which correspond more exact- 
ly to the additions and subtractions of ca- 
loric, than those of any other fluid. 

CaroKne. Yet I have ofiten seen colored spirit of wine used in 
thermometers. 

Mrs. B, The expansions and contractions of that liquid are not 
quite so uniform as those of mercury ; but in cases in which it is 

• In the absence of the glass tubes terminated by bulbs, procure a 
pair of tin canisters, three inches high and two wide, soldered up 
all round. In the middle of the top of each, have inserted a circu- 
lar tin spout, and into these cement glass tubes about twelve inches 
high. These will answer every purpose. — C. 

fThe tube is closed by holding the end over a spirit lamp until 
Ae glass is melted. This word is derived from Hermes, the Greek 
name for mercury. He is said to have been the inventor of chem- 
istry ; hence this is sometimes called the Hermetic arty and hermet- 
ically, or chemically closed, is closed by heat or melting. — C. 

115. What is the object of figure 2 ? 
''116. What fluid is generally used in thermometers ? 

117. How do the expansions and subtractions of the spirits of wilM 
eompaxe with those of mercury ? 
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not requisite to ascertain the temperature witk ffreat precunon,. 
spirit of wine will answer tlie purpose equally well, and indeed in 
some respects better, as the expansion of the latter is ^eater> and 
therefore more conspicuous. This fluid is used likewise m situations 
and experiments in which mercury would be frozen ; ifx mercury 
becomes a solid body, like a piece of lead or any other metal, at 
a certain degree of cold ; but no degree of cold has ever been 
known to freeze spirit of wine.* 

A thermometer, therefore, coniusts of a tube with a bulb, such as 
you see here, containing a fluid whose degrees of dilatation and 
eontraction are indicated by a scale to which the tube is fixed.— 
The degree which indicates the boiling point simply means that 
when the fluid is suficiently dilated to rise to this point, the heat is 
such that water exposed to the same temperature will boil. When 
on the other hand, the fluid is so much condensed as to sink to ^e 
freezing point, we know that water will freeze at that temperature. 
The extreme points of the scales are not the same in all thermome- 
ters, nor are the degrees always divided in the same manner. In 
different countries pmlosophers have chosen to adopt different scales 
and divisions. The two thermometers most used are those of Fah- 
renheit, and Reaumur ; the first is generally preferred by the Eng- 
lish, the latter by the French. 

Mnily, The variety of scale must be very inconvenient, and I 
should think liable to occasion confusion when French and Eng- 
lish experiments are compared. 

Mrs. B. The inconvenience is but very trifling, because the dif- 
ferent gradations of the scales do not affect the principle upon 
which thermometers are constructed. When we know, for in- 
stance, that Fahrenheit's scale is divided into 213 degrees, in which 
32® corresponds with the freezing point, and 212® with the point of 
boiling water ; and that Heaumur's is divided only into 80 degrees, 
in which QP denotes the freezing point, and 80° that of boiling 
water, it is easy to compare the two scales together, and reduce 
the one, into the other. But, for ^eater convenience, thermome- 
ters are sometimes constructed with both these scales ; one on 
either side of the tube ; so that the correspondence of the different 
degrees of the two scales is thus instantly seen Here is one of 
these scales, (Fiff. 3, see next page,) by which you can at once per^ 
ceive that each <fegree of Reaumur's corresponds to 2 1-4 of Fah- 
renheit's division. But I believe the French have, of late, given 
the preference to what they call the centigrade scale, in which the 
space between the freezing and the boihng point is divided into 100 
degrees. 

* Spirit of wine is stated to have been frozen in England by some 
process which the author has preferred to keep secret. — C. 

When is spirit of wine used ? 

118. How would you describe a thermometer ? 

119. What two thermometers are mostly used ? 

120. How are they graduated P 

121. What is the tCTiperature of boiling water ? 

122. To what scale have the French been said to have preferenoa * 
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experiments, as it is equally delicate and accurate in its indica« 
tions.* . 

Fig. 4. Caroline. It looks like a double thermem 

D^erential Ther- eter reversed, the tube being bent, and hav- 
tnometer, ing a large bulb at each of its extremities. 

©Emily. Why do you call it an air thermom- 
eter ; the tube contains a colored liquid ? 
Mrs. B. But observe that the bulbs are 
A K filled with air, the liquid being confined to a 
portion of the tube, and answering only the 
" purpose of showing, by its motion in the tube, 
the compai^tiye dilatation or contraction of 
the air within the bulbs, which afford an in- 
dication, of their relatiye temperature. Thus 
if you heat the bulb Aj by the warmth of your 
hand, the fluid will rise towards the bulb B, 
and the contrary will happen if you reverse the 
experiment. 

But if on the contrary, both tubes are of the 
same temperature, as is the case now, the col- 
ored liquid, suffering an equal pressure on each 
side, no change of level takes placie. 

Caroline. This instrument appears, indeed, 
uncommonly delicate. The fluki is set in mo- 
tion by the mere approach of my hand. 
V Mrs. B. You must observe, however, that 
r^this thermometer cannot indicate the tem- 
perature of any particular body, or of- the 
mediu^ in Which it is immersed; it serves only to poinjtiOut the dif^ 
ference of temperature, between the two bulbs, when placed Under 
difierent circumstances. For this reason it has been eaUed tHffer^ 
ential thermometer. You will see hereafter to what particular pur- 
poses this instrument applies. ■ : 
^ Dmiiy. But do common thermometers indicate the exact quan«> 
tity of caloric contained either in the atmosphere, or in any body 
with which they are in contact ? f 

* Students in chemistry may unuse themselves with air ther- 
mometers of their own construction. Procure a fiat vial or inl^- 
0tand with a wide mouth ; also, a broken thermometer tube, the 
bulb being entire. Fit a cork air tight to the vial, and pierce it 
in the middle with a hot iron to admit the tube. Fill the vial about 
half .full of some colored liquid. Warm the bulb of the tube by 
holding- it in the hand, and in this state' introduce the small end 
throng the cork nearly to the bottom of the vial. The hand be- 
ing removed from the bulb, the fluid will rise in the tube. The flur 
id will afterwards rise or fall as heat is applied to the vial or bulb. 
— C. 

t The thermometer indicated the exact quantity of free caloric, 

^1 I * ■ ' I.I II I M I* 

135. What is said of air thermometers in the note f 

126. Which figure represents an air thermometer } r 

127. Why has the air ttlermometer been called the difierential ther 
mometer ? 



FREE CALORIC. 37 

Mrs, B, No ; first because there are other modifications of c»- 
loric which do not afiect the thermometer ; and, secondly, because 
the temperature of a body, as indicated by the tiiermometer, is oft- 
ly relative. When, for instance, the thermometer remains stjj- 
Uonary at the freezing point, we know that the atmosphere, (or 
medium in which it is placed, whatever it may be) is as cold as 
freezing water ; and when it standi at the boiling point, we know 
that this medium is as hot as boiling water ; but we do not know 
the positive quantity of heat contained !ei!^her ia freezing or boiling 
water, any more than we know the real extremes of heat and cold ; 
and consequently we, cannot determine that of the body in which 
the thermometer is placed. 

Caroline. I do not quite understand this explanation i 

Mrs, B, . Let tis compare a thermometer to a well, in which the 
water rises to different heights, according as it is more or less sup- 
plied by the spring which feeds it ; if the depth of the well is un- 
Fathomable, it must be impossible to know the absolute quantity of 
water it contains ; yet we can with the greatest accuracy measure 
the number of feet the water has risen or fallen in the well at any 
time, and consequently know the precise quantity of its increase 
or diminution, without having the least knowledge of the whole 
quantity of water it contains.* 

Caroline. jsTow I comprehend it very well; nothing appears to 
me to explain a thing so clear as a comparison. 

£ott^. But will thermometers bear any degree of heat? 

Mrs* B. No ; for if the temperature were much above the high- 
est degree marked pn the scale of the thermometer, the mercu- 
ry woiud burst the tube in an attempt to ascend. And at any rate, 
no thermometers can be applied to temperatures higher than the 
boiling point of the liqiiid used in ink cflfn^tructioii, for the steam, 
on- the liquid beginning to boil, would bui«t ^he, tube. In fumar 
ces, or whenever any very high temperature is iii be ineasured, a 

present at the time and place of the experiment. Thus if a cer- 
tain quantity of heat is required to raise the mercury 20°, double 
this quantity will raise it to 40°. All bodies contain a quantity of 
heat not appreciable by the thermomet«t, or sensible to the touch. 
This is called Jia>ed or latent heat. Thfs can sometimes be set free, 
as when we hammer a piece of cold iron it becomes hot. Thus 
the latent caloric is ' squeezed Out of the iron by the contraction of 
its pores under the hammer, and it then becomes free caloric. — C. 

. * This passage, may be expounded as foUows. The unfathoraa- 
ile depth of the \*'ell signifies the absolute quantity of caloric, and 
which the thermometer does not measure; because all bodies 

,_ J ■ , ■■■..■■■'■ 

128. Do common thermometers indicate the exact quantity of ca- 
loric contained either in the atmosphere, or in any body, with which 
they come in contact ? 

129. Why do they not.' .j . 

130. What comparison is made between a weH and a thermometer.' 
/ 131. -Why might not thermometere*1w applied to temperatures high- 
er than the boiling point of the liquid nsed in their construction ? 

4* 
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pyrometer, invented by Wed^ood, is used for that parpotfie. It 
18 made of a certain composition of baked day, which has the p»> 
collar property of contracting by heat, so thai the degree of coq- 
traction of this substance indicates the temperature to which it has 
been exposed^ 

Emify. But is it possible for a body to contract by heat ? I 
thought that heat dilated all bodies whatever. 

A^5. B. This is not an exception to the rule. You must reook 
lect that the bulk of the clay is not compared, whilst hot, with that 
which it has when cold ; but it is from the change which the claj 
has undergone by having been heated, that the mdications of this 
instrument are derived. This change consists in a beginning fu^ 
sion, which t^ids to unite the pazticles of day more closely, thus 
rendering it less pervious or spongy.* 

Clay is to be considered as a spongy body, abounding in inter- 
stices or pores, from its having contained water when son. These 
interstices are by heat lessened, and would by extreme heat be en*- 
tirely oUiterated. 

QiroUne. And how do you ascertain the degrees of contraction 
of Wedgwood's pyrometer ? 

Mrs.B. The dimensions of a piece of clay are measured by a 
scale graduated on the side of a tapered groove, formed in a brass 
ruler ; the more the clay is contracted by the heat, the further it 
will descend into the narrow part of the tube. . 

Before we quit the subject of expansion, I must observe to yon, 
that, as fluids expand more readily than solids, so elastic fluids, 
whether air or vapor, are the most expansible of all bodies. 

It may appear extraordinary, that ail elastic fluids whatever, uih 
dergo the same degree of expansion from equal augmentation of 
temperature. 

Jmdfy, I suppose, then, that all elastic fluids are of the same den* 
sity, 

Mrs. B^ yetj fsa: from it; they vary in density, more than ei^ 
ther liquids or solids. The uniformity of their expansibility , which 
at first may appear singular, is, however, ^-eadily accounted for.-^ 
For if the difl&rent susceptibilities of expan^on of bodies arise 
from their various degrees of attraction of cohesion, no such dif* 

however cold, still contain caloric. Thus mercury freezes at 40^ 
below zero, but still contains caloric, and so on. The rising and 
falling of the water signifies the greater or leas quantity of fiee ca^ 
loric as indicated by the thermometer. — C. 

^According to the calculations of Saussure, the temperature 
necessary tp melt this clay is 1575° Wedgwood, which is a degree 
of heat greatly beyond our common furnaces. It is therefore most 
probable that the clay contracts at lower temperatures by the loss 
of moisture. — C. 

- 132. Do all bodies, keieever cold, contain caloric f 

133. In what manner is it that clay appears to coBtraet by heat ? 

134. What bodies are meet expansible f 

^ 135. Are all elastic fluids equally expanded from >qual augmenta 
tions of temperature ? 
136. Are all elastic fluids of the same density P 
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fbrenoe can be expected in elastic flnida, since in these the attrao* 
ion of cohesion does not exist, their particles being on the contrsr 
ry possessed of an elastic or repulsiye power ; they will therefore 
all be equally expanded by equal degrees of caloric. 

Ermhi. True; as there is no, power exposed to the expanriTO 
force of caloric in elastic bodies, its eiSect must be the same in all 
of them. 

Mrs. B, Let us now proceed to examine the otiiier properties of 
free caloric. 

Free caloric always tends to difiuse itself equally; that is to say« 
vhen two bodies are of different temperatures^ the warmer grado- 
ally parts with its heat to the colder, till they are both brought to 
the same temperature. Thus, when a thermometer is applied to a 
hot body, it receiyes caloric : when io a cold one, it commonicates 
part of its own caloric, and this communication continues until the 
thermometer and the bodyanave at the same temperature. 

Emhf, Cold, then, is nothing but a negatiye quality, simply im- 
plying the absence of heat. 

Mrs. B'. Not the total absence, but a diminution of heat; for we 
know of no body in which some caloric may not be discoyered. 

CaroUne. But when I lay my hand on this marble table ^ I fe^ 
it positweh/ odd, and cannot concefye that there is any caloric in 
it. 

Mrs. B. The oold ^^ou experience consists in the loss of calorie 
that your hand sustains in an attempt to bring its temperature to 
an equilibrium with the marble. If you lay a piece of ice upon it, 
you will find that a contrary effect will take place ; the ice will be 
melted by the heat it attracts from the marble, 
r Carolme. Is it not in this case the air of the room, which being 
warmer than the marble, melts the ice ? 

Mrs. B. The air certainly acts on the surface which is exposed 
to it, but the table melts that part with which it is in contact. 

CcaroUne. But why does caloric tend to an equilibrium? It cap- 
not be on the same principle as other fluids, since it has no weight 1 

Mrs. B. Vcrf true, CaroMnej that is an excellent objection. 
You might also, with some propriety, object to the term equiUbri- 
um being applied to a body that is without weight ; but I know of 
no expression that would explain my meaning so well. You must 
eonsider it, howeyer, in a figuratiye rather than a literal sense ; its 
strict meaning is an eqiud diffusion. We cannot, indeed, well say 
by what power it difiuses itself equally, though it is not surprising 
that it should go from the parts which haye the most to those which 
haye the least. The subject is best explained by a theory suggest*^ 

• 137. How then can their uniformity of expansibility be accounted 
for? 

138. How doev oalcffiic tend to diffuse itself? 

139. How is this illnstrated by a thermometer ? 

140. What is cold ? 

141. Do we know of any substance in which some caloric may not 
be found ? 

^ 142. Why do some bodies feel cold if we lay our hand upon thempN' 
143. What objection is there to the term equil^bnum, when speak- 
ing of the equal diffusion of caloric ^ 
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ed by Professor Prevost of Geneva, which is now, I believe, gen- 
erailj adopted. 

According to this theory, caloric is composed of particles per- 
fectly separate from each other, eveiy one of which moves with a 
rapid velocity in a certain direction. These directions vary as much 
fus imagination xsan conceive, the result of which is, that there are 
rays or lines of these particles moving with immense .velocity in 
every possible direction. Caloric is thus universally diffused, so 
that when any portion of space happens to be in the neighborhood 
of another; 'which contains more caloric,- the colder' portion re- 
ceives a quantity of calorific rays from the latter, sufficient to re- 
store an equilibmum of temperature. This radiation does not only 
take place in free space, but extends also to bodies of every kind.* 
Thus you may fiu^ose all bodies whatever, constantly radiating ca- 
loric ; those that are of the same temperature give out and absorb 
equal quantities, so that no variation o£ temperature is produced in 
them ; but when one body contains more free caloric than anoth- 
er, the exchange is always in favour of the colder body, until an 
equilibrium is effected ; this you find to be the case when the mar- 
ble table cooled your hand, and again when it melted the ice. 

Caroline. This reciprocal radiation surprises me extremely. 1 
thought, from what you first said, that the nOtter bodies alone emit- 
ted rays of caloric which were absorbed by the colder ; for it seems 
nnnatural that a hot body should receive any caloric from a cold 
<me, even though it should return a great quantity. 

Mr$i.B, It may at first appear so, but. it is no more extraordina- 
ry than that a candle should send forth rays of light to the sun, 
which, you know, must necessarily happen. 

Caroline, Well, Mrs. B., I beUeve that J must give up the point. 
But I wish I could see these rays of caloric ; I should then have 
greater faith in them. 

Mrs, B, Will you give no credit to any sense but that of sightri 
You may feel the rays of caloric which you receive from any Nxiy 
of a temperature higher than your own ; the loss of the caloric 
you part With in' return^ -it » is time, 'is not perceptible; £or as you 
gain more than you lose, instead of suffering a diminution, you are 
really making an su^uisition of caloric. It is, therefore, onfy when 
you are parting with it to a body of a lower temperature, that you 
are sensible of the sensation of cold, because you then sustain an ab- 
solute-loss of caloric. 



* This is true when applied to inanimate matter. But if a live 
animal is exposed to a degree of heat above the temperature of its 
own body, it has the power of resistance ; and though the heat be 
100 degrees above that of the animal, it scarcely affects it* temj>er- 
ature.---C. 

144. What is FrofeBSor Prevo8t*d theory erf Caloric ? " 

145. What^emarks respecting live animals is made in the note f 

146. Do alt bodies constantly radiate cdoric? 

, 147« If one body contains more free caloric than another, what m 
the consequence ? 

149. Does K hot body receive caloric from a dold one ? 

< 149. How does Mrs. B. answer the objection to the reciprocal radi 
ation of caloric between bodies of different temperature .' 

150. What occasiomi the sensation of cold .' 
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Endhf. Bat would not the same effect take place, if ^e rays oif 
calorio from the heated bullet fell directly on the thennometery 
without the assistance of the mirrors ? 

Mrs. B. The efiect would in that case be so trifling, at the dis- 
tance at which the bullet and the thermometer are from each oth- 
et, that it woidd be almost imperceptible. The mirrors, you 
know, greatly increase the effect, by collecting a lar^e quantity of 
rajs in a focus ; place your hand in the focus of the mnrror, and yon 
will find it much hotter there than when you remoTe it nearer to 
the bullet. 

Emily. That is very true : it appears extremely singular to feel 
the heat diminish in approaching the body from which it proceeds. 

Qxroline, And the mirror which produces so much heat, by con- 
verging the i^ys, is itself quite cold. 

. Mrs. B. The same number of rays that are dispersed over the 
surface of the mirror are collected by it into the focus ; but if you 
consider how large a surface the mirror presents to the rays, and 
consequoitly, how much they are diffused in comparison to what 
they are at the focus, which is a little more than a point, I think yoa 
can no longer wonder that the focus should be so much hotter than 
the mirror. 

The principal use of the mirror in this experiment is, to proTe 
that the calorific emanation is reflected in the same manner as 
liglit. 

Caroline, And the result, I thinks, is Very conclusive. 

Mrs. B, The experiment may be repeated with a wax taper in- 
stead of the bullet, with a view of separating the light from tha 
caloric. For this purpose a transparent plate of glass must be in 
terposed between the mirrors ; for light, you know, passes with 
great facility through glass, whilst the transmission of caloric is 
almost wholly impeded oy it. We shall find, however, in this ex- 
periment, that some few of the calorific rays pass through the glass 
together with the light, as the thermometer rises a little ; but, as 
soon as the glass is removed, and free passage left to the caloric, it 
wDl rise considerably higher. 

Erfdly. .This experiment, as well as that of Dr. Herschell's, 
proves that light and heat may be separated ; for in the latter ex- 
periment the separation was not perfect, any more than that of Mr. 
Pictet. 

Caroline. I should like to repeat this experiment, with the dif- 
ference of substituting a cold nodv instead of a hot one, to see 
whether cold would not be refiectej as well as heat. 

Mrs. B. That experiment was proposed to Mr. Pictet by an ifl^ 
credulous philosopher Hke yourself^ and he immediately tried it by 
substituting a piece of ice in the place of a heated bullet. 

Caroline, Well, Mrs. B., and what was the result ? 

■ I I I I 11 ■■! ■ Bill ■■■!■! I III! II II ^^l^i^l^^— 

t 

154. Why do mirrota increase the effect in this experiment ? 

155. Why does a metallic mirror feel cold when placed before the 
fire ? 

156. What is the use of the mirror in the experiment ? 

^ 157. What substance almost wholly impeaes the transmission of 
caloric ? 

158. What does this prove ? 

159. What philosopher supposed that cold might be reflected ? 
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3£r8. B.^ Thftt we shall see ; I have procuied some ioe fi»r the 
porpose. 

jE/mfy. The thermometer falls considerably ! *^ 

Caroline. And does not that prove that cold us not merelyan€^a- 
iive quality, implying simply an inferior degree of heat ? The cold 
most be positive, since it is capable of reflection. 

Mrs, B, So it first appeared to Mr. Pictet ; but upon a little 
consideration he found that it ajQTorded only an additional proof of 
the reflection of heat ; this I shall' endeavor to explain to you. 

According to Mr. Prevost's theory, we suppose that all bodies 
whatever ladiate caloric; the thermometer used in these exper- 
iments, therefore, emit calorific rays in the same manner as any 
other substance. When its temperature is in equilibrium with that 
of the surrounding bodies, it receives as much caloric as it parts 
with, and no chans^ of temperature is produced. But when we 
introduce a body of a lower temperature, such as a piece of ice, 
which parts with less caloric, than it receives, the consequence is, 
that its temperature is raised whilst that of the surrounding bodies 
is proi>ortionally lowered. 

j&nily. If, lOT instance, I was to bring a large piece of ice into 
this room, the ice would in time be melted, by aosorbing caloric 
from the general radiation which is going on throughout the room ; 
and as it would contribute very little caloric in return for what is 
absorbed, the room would necessarily be cooled by it. 

Mrs. B. Just so ; and as in consequence of the mirrors, a more 
considerable exchange of rays takes place between the ice and the 
thermometer, than between these and any of the surroundins^ bod- 
ies, the temperature of the thermometer must be more lowered than 
that of any other adjacent object. 

Caroline. I confess I do not perfectly understand your explana- 
If on. 

Mrs. B. This experiment is exactly similar to that made with 
the heated bullet ; for, if we consider the thermometer as the hot 
body (which it certainly is in comparison to the ice,) you may then 
easuy understand that it is by the loss of the calorific rays which 
the thermometer sends to the ice, and not by any cold rays receiv- 
ed from it, that the fall of the mercury is occasioned ; for the ice, 
far from emitting rays of cold, sends forth rays of caloric, which di- 
minish the loss sustained by the thermometer. 

Let us sa;^, for .instance, that the radiation of the thermometer 
tov^ards the ice is equal to 10, and that of ^e ice towards the 
thermometer to 20 , the exchange in favor of the ice is as 20 is 
i6 10^ or the thermometer absolutely loses 10, whilst the ice gains 
10. 

Caroline. But if the ice actually sends rays of caloric to the 
thermometer, nmst not the latter &11 still lower when the ice is re- 
moved ? 

Mrs. B. No ; for the space which the ice occupies, admits rays 

160. What did his ezperiment prove ? 

161. What is probable respecting the use of the thermometer in 
this experiment, according to Mr. Prevost's theory ? 

162. What similarity is there between this experiment and that of 
the heated bullet .' , 

. . '163. Since the ice sends rays of caloric to the thermometer, wiU 
not the thermometer fidl if tha ice is removed ? 
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from all the sorrounding bodies to pass through it ; and tkose beiag* 
of the game temperature as the thermometer, will not affect it, be- 
cause as much heat now returns to the thermometer' as radiates 
from it. 

Caroline, I must confess that you have explained this in so satis- 
ftetory, a manner, that I cannot help being convinced now that cold 
has no real claim to the rank of a positive being. 

Mrs, B, Before I conclude the subject of radiation, I must ob- 
serve to YOU, that difierent bodies (or rather surfaces,) possess die 
power or radiating caloric in very oi^rent degrees. 

Some curious experiments have been nuSle by Mr. Leslie on 
this subject, and it was for this purpose that he invented the differ- 
ential thermometer ; with its assistance he ascertained that black 
surfaces radiate most, glass next, and polished surfaces the least of 
all. 

EnUfy, Supposing these sur&ces, of course^ to be aJl of the same 
temperature. 

Mrs. B, Undoubtedly. I will now show you the very ingen- 
ious apparatus, by means of which he made these experiments. 
This cubical tin vessel, or canister, has each of its sides externally 
covered with different materials ; the one is simply blackened ; 
the next is covered with white paper ; the third with a pane of glass, 
and in the fourth the polished tin surface remains uncovered. 
We shall fill this vessel with hot water, so that there can be no 
doubt but that all its sides will be of the same temperature. Now 
let us place it in the focus of one of the mirrors, making each of its 
aides nront it la isuccession. We shall begin with the black sur- 
face.* 

Caroline, It makes the thermometer which is in the focus of the 
other mirror rise considerably. Let us turn the paper surface 
towards the mirror. The thermometer falls a little, therefore of 
course, this side cannot emit or radiate so much caloric aS' the black- 
ened side. 

Emily. This is very surprising ; for the sides are exactly of the 
same size, and must be of the same temperature. But let us try 
the glass aur&xie. 

Mrs. B. The thermometer continues falling, and with the plain 
surface it falls still lower ; these two surfaces therefore radiate less 
and less. 

Caroline. 1 think I have found out the reason of this. 

Mrs. B. I should be very happy to hear it, for it has not yet (to 
my knowledge) been accounted for. 

* Tlie radiating power of different surfaces may be shown thus. 
Take a common naif pint tin cup, scour one side bright, and paint 
or smoke the other black. Place this in the focus of the mirror^ 
and the thermometer will rise or fall as its sides are changed. — G. 

164. Why will it not.? 
V 165. Do all Burftces radiate caloric in equal degrees ? 
'^166. What surfaces relate most caloric, and what ones least? 

167. What illustration is given of the di^rent radiations of diHer- 
ent surfaces ? 

168. How is U stated in dU wfU, tkat the radiating power qf difereni 
mufaees may he sh/own f 
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HkiroHne, 'The water within the Vessel gradually cools, and the 
^ennometer in tsonsequenoe fiadually iails. 

Mrs. B, Tt is true that jthe water cools, but certainly in much lesff 
proportion than the thermometer descends, as you will perceive if 
you now change the tin surface for the black one. 

Ccaroline. I was mistaken, certainty, for the thermometer xises 
again now that the black surface fronts %he mirror. 

Mrs, B, And yet the water in the vessel is still cooling, Caro- 
line. 

JSmih/, I am surprised that the tin surface should radiate the 
least caloric, for a metallic vessel filled with hot water, a silver tea- 
pot for instance, feelsr much hotte^ to the hand than one of black 
earthen ware. 

Mrs. B. That is owing to the 4ifierent power which various bo- 
dies possess for conducting caloric, a property which we shall pres- 
ently examine. Thus, ^though a metallic vessel feels warm to 
ihe hand, a vessel of this kind b known to preserve the heat of the 
liquid within, better 4;han one of any other materials ; it is for this 
reason that silver tea-pots make better tea than those of earthen- 
ware. 

Emily. According to these experiments, light colored dresses, 
in cold weather, should keep us warmer than black clothes, since 
the latter radiate so much more than the former. 

Mrs. B.. And that is actually the case. 

Emily. This property, of difierent surfaces to radiate in different 
degrees, appeairs to me to be at variance; with the equflibrium of 
caloric ; since it would imply that those bodies which radiate most 
must ultimately hecome^coldest. 

Suppose that we were to vary this experiment, by usimg two me- 
tallic vessels full of boiling water, the one blackened j the othet not; 
would not the black one cool the first ? 

Caroline. True : but when they were both brought down to the 
temperature of the room, the interchange of csdoric between the 
canisters and the other bodies of the room being then equal, their 
teim)erature would be the same. 

Emify. I do not see why that should be the case ; for if difierent 
surfaces of the same temperature radiate in different degrees when 
heated, why should they not continue to do so when gooled down 
to the temperature of the room ? 

Mrs. B. You have started a difficulty, Emily, which certainly 
requires explanation. It is found by experiment, that the pow«& 
- of absorption corresponds with, and is proportional to, that of radia- 
tion ; so that under equal temperatures, bodies compensate for the 

. — ...»■■ . I .. .I 

leO-lf-Why will a silver tea-pot or any metallic veseel filled with hot 
water, feel much hotter to the hand than one of black earthen-ware? 

170.tWhy will a silver tea-pot make better tea than an earthen one ? 

171 ./Why is a light-colored dress warmer than a black one in win- 
■ter? ' . ' 

172. And why a light-coloied one colder than a black in the sum* 

*mer? > 

173. What difficulty is mentioned respecting Ihe above theory ef 
^<he radiation of calork ? 

5 
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frealiieT loss they sustain in consequence of their greater radia^on 
y their greater absorption^ so that y you were to make your ex- 
periment in an atmosphere^ heated like the canisters, to the tempe- 
rature of boiling water, though it is true that the canisters would 
radiate in different degrees, no change of temperature would be 
pxoduced in them, because they would each absorb caloric in jpro- 
portion to their respective radiation. 

Emily. But would not the canisters of boiling water also absorb 
caloric in different degrees in a room of the common temperature ? 

Mrs. B, Undoubtedly they, would- But 4he yarious bodies ih 
the room would not, at a low^r temperature, furnish either of thj9 
canisters with a sufficiency of caloric to compensate for the loss 
they undergo ; for, suppose a black canister to absorb 400 rays 
of caioric, whilst the metallic one absorbed only 200 ; yet if the 
former, radiates SOO, whilst the latter radiates only 400, the black 
canister will be i\m; first cooled down to the temperature of thi? 
room. But from the moment the equilibrium of temperature ha^ 
taken place,: the black canister, both receiving and giving out 40(> 
rays, and the metallic one 200, no change of temperature will take 
place. ^ 

Emily. I now understand it extremiely well. , But what becomes 
of the surplus of calorific rays, which good radiators emit, and b^id 
radiators receive ? they must wander about in search of a restihg- 
pl2U3e! 

Mrs. B. They really do so ; for they are rejected arid sent back, 
or in other words, reflected by the bodies which ._ are bad radiators 
of caloric ; and they are thus transmitted to other bodies, which 
happen to Ue in their way, by whieh they are • either absorbed or 
again reflected, according as the property of reflections^ or that of 
absorption predominates in these bodies. 

Caroline. I do not well understand the difference between radia- 
ting and reflecting caloric, for the caloric that is reflected from a 
body, proceeds from it iA straight lines, and may surely be said to 
radiate from it ? 

Mrs. B. It is true that there at first appears to be a great analo- 
gy between radiation and reflection^ as they equally convey the idea 
of the transmission of caloric. 

But if you consider a Utt^, you will perceive that when a body 
radiates cdXqriQ, the heat which it emits not only proceeda.irom, but 
has Its oiigiji in the bod)r itself. Whilst when a body reflects calo- 
ric, it parts with none of its own caloric, but only reflects that which 
it receives^from other bodies. 

Emiiy^ Of this difference we have very striking examples before 
ns, in the tin vessel of water, and the concave mirrors ; the fir^ 
radiates iHown heat, the latter reflect the heat which they receive 
from other bodiel^v < ^ . 

Caroline. Now t hat 'I un(ferstand the di^rencs, it no longer 

" , ■ z ' — ' ■ • " ^ — ^ — 

174. If different surfaces of the same temperattire *raaiate in differ- 
ent degrees when heated, why do they not continue to do so when 
cooled to the temperature of the room ? 

• 175. What becomes of the surplus caloric, which good radiators 
emit and bad ones refuse to receive P 

I 176. What is the difference between the radiation and reflection oT 
c^Joric ? ^ 

177. How would you illustrate this difference by example ? 
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iioiprises me that bodies which radiate or part with their own calor- 
ic Eceely, should not have the power of transmitting with equal fa- 
cili^ that whu;h they receive n-om other bodies. 

Emihf, Yet no bodjr can be said to possetss caloric of its own, if 
aU caloric is deriyed originally from the sun. 

Mrs, B, When I speak of a body radiating its own caloric, I 
mean that which it has absorbed antf incorporated either immedi- 
ately from the sun's rays, or through the medium of any other sub- 
stance. 

Caroline. It seems natural enough that the power of absorption 
diould be in opposition to that of reflection, for the more caloric a 
body receives, the less it will reject. 

. Jvmihf, And equally so that the power of radiation should corresh 
toond with that of absorption. It is, in fact, cause and effect ; for a 
oddy cannot radiate heat without having previously absorbed it ; 
just as a spring that is well filled flows abundaHtly. 

itfrsr. B, Fluids are in general very bad radiators of caloric ; and 
air neither radiates nor absorbs caloric in any sensible degree. 

We have not yet concluded our observations on free caloric.-^ 
But I shall defer, till our next meeting, what I have further to say 
on this subject. I believe it will afford us ample conversation for 
another interview. 
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CONTimJATION OP T^B SUBJECT. 

Mrs, B, In our last conversation, we began to examine the ten- 
dency of caloric to restore an equilibrium of temperature. This 
property when once well understood affords the explanation of a 

?*eat variety of facts which appeared formerly unaccountable. — 
ou must observe, in the first place, that the effect of this tendency 
is gradually to bring all bodies that are in contact, to the same 
temperature. Thus the flre which burns in the grate, communi- 
cates its heat from one object to another, till ep^ery part of the room 
has an equal portion of it.. 

Emily, And yet this book is not So cold as the table on which it 
Ues, though both are at an equal distance &om the fire, and actual- 
ly in contact with each other, so that according to your theory, they 
should be exactly at the same temperature. 

Caroline, Ana the hearth which is much nearer the fire than the 
carpet, is certainly the colder of the two. 

Mrs, B. If you ascertain the temperature of these several bodies 

■ ■ ■■■ ' ■« ' . - ■ ■ ? I .. . , .. I ., .. . 

178. When we speak of a body radiating its own caloric, what do 
we mean ? 

179. What are very bad radiators of caloric } 

1 180. Has caloric any effect upon the air ? 

1 181. What is the tendency or caloric ? 

183. Do all substances at the same temperature i^l equally warm 
or cold ? 



48 * nxM cALOftic* 

by a thermometeT (which is a much more aceuiate test than your. 
feeling,) you will find that it is exactly the same. 

Caroline, But if thejrare of the same temperature, why should 
the one feel colder than the other ? 

Mrs, B, The hearth and the table feel colder than the carpet or 
the book, because the latter are not such good conductors of heat 
ajs the former. Caloric finds a more easy passapre through marble 
and wood, than through leather and worsted; the two former wOl 
therefore absorb heat more rapidly from your hand, and conse- 

Suently give it a stronger sensation of cold than the two latter, al- 
[lOugh they are all really of the same temperature. 

Caroline. So, then, the sensation I leel on touching a cold bodyj,. 
is in proportion to the rapidity with which my hand yields its heat 
to that body. 

Mrs, B. Precisely; and if you lay your hand successively on 
every object in the room, you will discover which are good, and 
which are bad conductors of heat, by the different degrees of cold 
which you feel. But in order to ascertain this point, it is necessary 
that the several substances should be of the same. temperature, 
which will not be the case with those that are near the fire,- ox 
those that are exposed to a current of eold air from a window oc 
door. 

Emily,- But what is the reason that some bodies are better con- 
ductors of heat than others ? 

Mrs, B. This is a point not weU ascertained. It has been con- 
jectured that a certain union or adherence takes place between the 
caloric and the particles of the body through which it passes. If 
this adherence be strong, the body detains the heat, and parts with 
it slowly and reluctantly ; if slight, it propagates it freely and r^r 
pidly. The conducting power of a body s therefore, inversely, as 
ita tendency to unite with ealoric. 

Ihiih/, That is to' say, that the best conductors are those that 
have the least affinity for caloric. 

Mrs, B, Yes ; but the term affinity is objectionable in this case,, 
because, as that word is used to express a chemical attraction, 
(which can be destroyed only by decomposition,) it cannt>t be ap- 

Elicable to the slight and transient union that takes place between 
ree caloric and the bodies 'through which it passes ; an union 
which is so weak, that it constantly yields to the tendency which 
caloric has to an equilibrium* Now you clearly understand, that 
the passage of caloric, through bodies that are good eenductors, is. 
much more rapid than through those that are bad conductors, and 
that the former both give and receive it more quickly, and there- 

183. Why do they not? 

184. What are instances of substances of the same temperature pz^ 
duciDg different sensations of heat and cold ? 

185. To what is the sensation proportional on touching one's hand- 
to a cold body ? 

186. How can we ascertain which bodies are good conductors of 
heat and which axe not ? 

187. Why are some bocHes better conductors of heat than others? 

188. Will caloric pass quickest through good or bad conductors ? 

189. Which givei it and reoeives it most readily ' 
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feie, in a given time more abundantlT, than bad oonductois, which 
makes them feel either hotter or colder, though they maybein&ct, 
both of the same temperature. 

OotroHne, Yes, I understand it now ; the table and the book l3nng 
upon it, b^g really of the same temperature, would «ach reoelTQ 
in the same space of tune, the same q^uantity of heat from my hand, 
were their conductiiig powers equal ; but as the table is the best 
conductor of the two it will absorb the heat from my hand more 
rapidly, and consequently produce a stronger sensation of cold than 
the book. 

Mrs. B, Very weUf my dear ; and observe, likewise, that if you 
were to heat the table and the book an equal number of degrees 
above the temperature of your body, the table, which before felt 
the colder, would now feel the hotter of the two ; for, as in the first 
caMse it took the heat most rapidly from your hand, so now it will im-- 
part heat most rapidly to it. Thus the marble table, whidi seems 
to us colder than the mahogany one, will prove the hotter of the 
two to tixe ice ; for if it takes heat more rapidly from our hands, 
which are warmer, it will give out heat more rapidly to the ice, 
which is colder. Do you understand the reason of these apparent- 
ly opposite effects ? 

Emibf, Perfectly. A body which is a good conductor of caloric 
affordsit a free passage ; so that it penetrates through that body more 
rabidly than through one which is a bad conductor ; and conse- 
quently, if it is colder than your hand, you lose more caloric, and if 
it is hotter you gain more than a bad conductor of the same tem- 
peiatmte. 

Mr$,-B. But you must observe that this is the case only when 
the conductors are either hotter or colder ^an your hand ; for, if 
you hey t different conductors to the temperature of your body, they 
will all <bel equally warm, since the exchange of <»iloric between 
bodies of* the same t^nperature is equal. Now, can you tell me 
why flannel clothing, which is a very bad conductor cif heat, pre- 
vents our feeling cold ? 
, Caroline. It prevents the cold from penetrating. 

Mrs. B. But you fotset that cold is only a negative quality. 

Caroline. True, it omy prevents the heat of our bodies from es- 
d^ing so rapidly as it would otherwise do. . 

Mrs. B. Now you have explained it right ; the flannel rather 
keeps in the heat, than keeps out the cold. Were the atmosphere 
of a higher temperature than our bodies, it would be equally effica- 
cious in keeping their temperature at the same degree, as it would 
prevent the free access of the external heat, by the difficulty with 
which it conducts it. 

Eamkj. This, I think, is very clear. Heat, whether external oir 

internal, cannot easily penetrate flannel ; therefore, in cold weather 

, ' ■..■■■ 

^ 190. If we lay our hand upon a table and a book both of the same 
temperature, why does the ti^le produce a stronger sensation of cold 
than the book ? 

191. Under what circumstances will good and bad conductors feel 
equally warm to our flesh ? 
^192. Why does flannel clothing prevent our feeling cold } 

1^. Under what circumstances, or when would a flannd dress pro- 
duce a contrazy effect in our feelings .? 

6* 
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it keep* us wairn, and if the weather were hotter than our 
it would l&eep ua cool. 

Mrs. B, The most dense bodies are, generally speaking, the best 
omduetOTS of heat ; probably because the denser the body the great- 
er are Uie number of points or particles that eome in contact witb 
caloric. At the common temperature of the atmosphere, a piece of 
metal win feel much colder than a piece of wood, and the latter 
than a piece of woollen cloth ; this again will feel colder than flaik- 
nel ; and down, which is one of the lightest, is at the same time one 
of the warmest bodies.* 

Caroline. This is, I su^^ose, the reason that the pluma^ of birds 
preserves them so efiectiuklly from the influence of cold m winter ? 

Mrs. B. Yes ; but though feathers in general are an excellent 
preservative against cold, down is a kind of plumage, peculiar to 
aquatic birds, and covers their chest, which is the part most ex- 
posed to the water ; for though the sur&ce of the water is not of a 
lower temperature than the atmosphere, yet it is a better conduo* 
tor of heat, it feels much colder, consequently the chest of the bird 
requires a warmer covering than any other part of its body. >B»- 
ttdes, the breasts of aquatic birds are exjposed to cold, not only from 
the temperature of the water, but also from the velocity with which 
the breast of the bird strikes against it; and likewise from^the rap- 
id evaporation occasioned in thajt part by the air agaiost which it 
strikes, after it has been moisteni^ by dipping firom time to time 
into the wat^. 

If you hold a finger of one hand motionless in a glass of water^ 
and at the same time move a finger of the other hand swiftly through 
water of the same temperature, a difierent sensation will be soon 
perceived in the different fingers, f • 

Most animal substances, especially those which Providence has 
assigned as a covering for animals, such as fur, wool, hair, skin, &e. 
are bad conductors of heat, and are, on that account, such excellent 
preservatives against the inclemency of winter, that our warmest 
apparel is made of these materials. 

* One reason why fur, down, &c. conduct heat so badly, is, that 
they contain a large quantity of air, which is a worse conductor than 
the materials themselves.— <). 

f The reason seems to be, that the finger, when it is still, waxms 
the water in contact with it ; while the one' that is stirring is con* 
stantly exposed to fresh applications of cold. — C. 

194. What bodies are generally considefed the best conductors of 
caloric ? 
V- 105., ^^7 ^^ dense bodies the best conductors ? 

196. If tne' surface of water is not of a lower temperature than the 
atmosphere, why does it feel colder ? 

197. Wh^ are fur, hair, wool^ and down, good preservatives agidnst 
the inclemency of winter ? 

198. Why are they bad conductors of caloric t 

199. Jf you hold a finger of one hand motionless in a sIom ofwueTf 
and at the same time move a finger of the other hand swiftty through toa- 
ter of the sam* temperature^ why is a different sensation produced f 
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* 

Emify. Wood is, I dare say, not so ^ood H condactor as metal^ 
and it is for that reason, no doubt, that silver tea pots have always 
wooden handles. 

Mr9, B, Yes ; and it is the facility with which metals conduct 
calorie that^ made you suppose that a silver pot radiated more ca- 
loric than an' earthen one. The silver pot is in fact hotter to the 
hand when in contact with it ; but it is because its conducting pow- 
er more than counterbalances its deficieticy in regard to radiation. 

We have observed that the most dense bodies are in general, the 
best' conductors ; and metals you know, are of that class. Porous 
bodies, such as. the earths, and wood, are worse conductors, chief- 
ly, I believe, cm account of their pores being Med with air ; for air 
is a remarkably bad conductor. 

Caroline, It is a very fortunate circumstance that air should be' 
a bad conductor, ai^it tends to preserve the heat of the body when 
exposed to cold weather. 

Mrs, B. It is one of the many benevolent dispensations of Prov- 
idence, in order to soften the inclemency of the season, and to ren- 
der aknost all climates habitable to man. 

In fluids of dif^rent. densities, the power of conducting heat va- 
ries no less remarkably ; if you dip your hand into this vessel full 
of mercury, you will scarcely conceive that its temperature is not 
lower than that of the atmosphere. 

Caroline, Indeed I know not how to believe it, it feeb so extreme- 
ly cold. But we may easily ascertain its true temperature by the 
ihennometer. It is really not colder than the air : the apparent 
difference then is produced merely by the difference of the conduct- 
ing power in mercury and in air: 

Mrs, B, Yes ; hence you may judge how little the sense of feel- 
ing is to be relied on as a test of the temperature of bodies, and how 
necessary a thermometer is for that purpose. 

it has indeed been doubted whether fluids have the power of con- 
ducting caloric in the same manner as solid bodies. Count Rum- 
ford a very few years since, attempted to prove by a variety of ex- 
periments, that fluids when at rest, were not at aJl endowed with 
this property. 

Caroune, How is that possible, since they are capable of impart- 
ing cold or heat to us ; for if they did not conduct heat, they would 
neither take it from, nor give it to us ? 

Mrs, B, Count Rumford did not mean to say that fluids would 
not communicate their heat to solid bodies ; but only that heat does 
not pervade fluids, that is to say is not tjtansmitted from one particle 
of a fluid to another, in the same manner as in solid bodies. 

Etmily. But when you heat a vessel of water over the fire, if the 
particles of water do not communicate heat to each other, how does 
the water become hot throughout ? 

200. Why doei a silver tea pot feel hotter to the hand than an 
farthen one ^ 

201. Why are wood and earths bad conductors of it ? 

202. Have fluids of different densities the same power of conducting 
caloric } 

Ys 203. Ouffht the sense of feeling to be relied on as atest of the tem 
perature of bodies ? Why ? 
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Mrs, B. . BjT constant agitation. Water as yon have seen, exr 
jHinds by heat, in the same manner as solid bodies ; the heated par- 
ticles of water, therefore, at the bottom of the Teasel, being spe- 
cifically lighter than the rest of the liqnid, and oonseqnently ascend 
to the surface, where, parting with some of their heat to the eoMer 
atmosphere, they are condensed and give way to a fresh successum 
of heated particles ascending from the bottom, which, havuig 
thrown off their heat at the surface; are in their turn displaced.-— 
Thus every particle is successively heated at the bottom, and cool- 
ed at the sumce of the liquid ; but as the fire communicates heat 
more rapidly than the atmosphere cools the succession of silr&ces, 
the whole of the liquid in time becomes heated* 

Caroline, This accounts most ingeniously fi>r the propagation of 
heat upwards. But supposing you were to heat the upper snr&ce 
of a liquid, the particles being specifically lighter than tirase below, 
could not descend ; how therefore would the heat be communiea- 
ted downwards } 

Mrs, B. If there were no agitation to force the heated surfiuse 
downwards. Count Rumford assures us that the heat would not de« 
scend. In proof of this he succeeded in making the upper sur&oe 
of a vessel of water boil and evaporate , while a cake of ice remain- 
ed frozen at the bottom.* 

Caroline, That ia very extraordinary indeed ! 

Mrs, B, It appears so, because we are not accustomed to heat 
liquids by their upper sur&ce ; but you will understand this theory 
better if I show you the internal motion that takes place in liquidb 
^en thejT e^roerience a change of temperature. The motion of 
the liquid itself is indeed invisible, firom the extreme minuteness of 
its particles ; but if you mix with it any colored dust, or powder, 
of nearly the same specific gravity as the liquid, you may judge of 
the internal motion of the latter by thai of the colored dust it con- 
tains. — ^Do you see the small pieces of amber moving about in the 
liquid contained in this phial ? 

Caroline. Yes, perfectly. 

Mrs, B, We shall now immerse the phial in a glass of hot water, 
and the motion of the liquid will be shown by that which it comma- 
nicates to the amber. 

EmUy, I see two currents, the one rising alon? the sides of the 
phial, the other descending in the centre ; but I do not understand 
the reason of this. 



• Dr. Thomson says — ^* All fiuids, however, are capable of oo/n- 
ducting caloric ; for when the source of heat ia applied to their 
surface, the caloric gradually makes its way downwards, and the 
temperature of every stratum gradually diminishes from the sur&ce 
to the bottom of the liquid."-~C. 

204. How are fluids heated, when placed over the fire ? 

205. By what experiment did Cfount Rumford attempt to proTS 
that fluids do not conduct caloric downwards ? 

206. What was Dr. Thomson's opinion on this subject f 

207. What experiment shows the internal motion that takes plao« 
In liquids when they experience a change of temperature ^ 
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Mn. B. The hot water commanicates its caloric, thiough the 
medium of the phial, to the particles of the fluid nearest to the glass ; 
these dilate and ascend laterally to the surface, where, in parting 
with their heat tiiey are condensed, and in descending, form the 
central current. 

Caroline, This i» indeed a very clear and ssitisfactory experiment ; 
but how much slower the currents now move than they did at first ! 

Mrs. B, It is because tiie circulation of partides has nearly pro- 
duced an equilibrium of temperature between the liquid in the glass 
and that in the phial. 

Carolme. But these communicate laterally, and I thought thai 
heat in liquids could be propagated only upwards. 

Mrs. B. You do n<H take notice that the heat is imparted firom 
one liquid to anoUier, through the' medium of the pluai itseU*, the 
«ztenial surface c^ which receives the heat from the water in the 
glass, whilst its internal surface transmits it to the liquid it contains. 
Now take the phial out of the hot water, and observe the effect of 
its cooling. 

Emiiu. The currents. are reversed; the external current now 
descends, and the internal one nses— I guess the reason of this 
diange ; the phial being in contact with cold air instead of hot wa* 
ter, the external particle^ are. cooled ,^ instead of being heated ;— ^ 
they therefore deecend and force up the centr^ particles, which, 
being warmer, are consequently lighter. 

Mn, B. It is just so ; Count Rumford hence infers, that no alter- 
ation of temperature can take place in a fluid, without an internal 
motion of its particles ; and as this motion is produced on)y by th« 
comparative levity of the heated particles, heat cannot be propaga* 
ted downwards. 

But though I believe that Count Rumford 's theory as to heat being 
incapable of pervading fluids is not strictly correct, yet there is, no 
doubt, much truth in his observation, that the communication is 
materially promoted by a motion of the parts f and this accounts for 
the cold that is found to prevail at the bottom of the lakes in Swit^ 
norland, which are fed by rivers issuing from the snowy Alps. The 
water of these rivers being colder, and therefore more dense than 
that of the lakes, subsides to the bottom, wbere it cannot be afifeetv 
ed by the warmer ten^rature of the surface ; the motion of the 
waves may communicate this temperature ta some little depth, but 
it can descend no further than the agitation extends. 

EmiUy, But when the atmosphere is colder than the lake, the 
colder surface of the water will descend, for the very reason tiiat 
the warmer will not. * 

Mrs, B,. Certainly ; and it is on this account that neither a lake 
nor any body of water whatever, can be frozen until ev^y partida 
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208. Why does one of the curreofts rise along the side of the phkl 
and the other descend in the centre, when the phial is immersed in 
hot water ? 

209. If the phial be taken out of the hot water, what will be the ef- 

liMSt? 

210. What is the reason of this ehange ? 

/ 211. Why does cold prevail at the &ttom of the lakes in Switxer- 
land, which are &d by the rivers issuing from the snowy Alps? 
^ 212. When is a lake or any coUection of water fto^xkl 
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of the water has iisen to the soriaee to gvre off its caloric to the 6M^ 
er atmosphere ; therefore the deeper a body of water is, the longer 
will be the time it requires to be ^ozen. 

EnUfy, But if the temperature of the whole body of water be 
brought down to the freezing point, why is only the surface frozen ? 

JVfrj. B. The temperature of the whole body is lowered, but not 
to the freezing point. The diminution of heat, as you know, pro- 
duces a contraction in the bulk of fluids, as well as of solids. This 
effect, however, does not take place in water below the tempera- 
ture of 40 degrees, which is 8 degrees above the freezing point. At 
that temperature, therefore, the internal motion, occasioned by the 
increased specific gravity of the condensed partides ceases; for 
when the watei^at the sur^ice no longer condenses, it will no long- 
er descend and leave a fresh surface exposed to the atmosphere ; this 
surface alone, therefore, willbe further exposed t» its severity, and 
will soon be brought down to the freezing point, when it becomes 
ice, which being a bad conductor of heal, preserves- the water be- 
neath a long time from being afiected by the external cold. 

CaroUne, And the sea does not freeze, I suppose, because its 
depth is so great, that a frost never lasts long enough to bring dewa 
the temperature of such a great body of water to 40 degrees ? 

Mrs, B, That is one reason why the sea, as a large mass of wa^ 
ter, does not freeze. But independently t>f this, salt water does not 
freeze till it is cooled much below 32 degrees, and with respect to 
the* law of condensation, salt water is aft exl^eption, as it condenses 
even many degrees below the freezbg point-. When th<B caloric of 
fresh water, therefore, is imprisoned hj the ice on its sorface, ^d 
ocean still continues throwing off heat into the atmosphere, which, 
is a most signal dispensation of Providence to moderate the intensir 
ty of the cold in winter. 

Caroline, This themry of the non-conducting power of liquids, 
does not, I suppose, hold good with respect to air, otherwise the at- 
mosphere would not^be heated by the rays of the sun passing 
through it ? 

Mrs, B, Nor is it heated in that way. The pure atmosphere is a 
perfectly transparent medium, which neither radiates, absorbs, nor 
conducts caloric, but transmits the rays of the sun to m without in 
any way diminishing ^heir intensity . The air is therefore not more 
heated, by the sun's rajrs passing through it, than diamond, glass, 
water, or any other transparent medium.* 

CaroUne, That is very extraordinary ! Are glass windows not 
heated then by the son shining On diem ? 

' «^ 

* To show still better that transparent media are not heated by 

the rays of the sun, throw the focus of a burning l^ns into a vessel 

of clear virater. No effect on the temperature vnll be produced ; 

but if an opake body, as a piece of corx, be introduced under the 

focus, the water at this point instantly begins to boil.— C. 

213. Why does water first freeze at the surface ? 

214. Why does not the surface of the sea freeze? 

215. What moderates the intensity of cold in winter B 

216. Is the atmosphere heated by the rays of the sun passing through 
it? 

217. What experiment mentioned in the note^ preves that transpO' 
rent media are not heated by the rays of the sunf 



.. Mrs, B. 1^0 ; not if the g^ass be perfeody tranmcdak. A moot 
poayineing proof that glass transmits the rays or the son without 
'hein^ l^eatea by them, is afforded by the bumiog lens, wU«^ by 
eonverging the rajrs to a focus, will set combustible bodies ob fire, 
without its own temperature being raised. # 

JSmify. Yet Mrs. B., if I hold a piece of glass near the fire, it is 
almost mmiediately warmed by it; the glass, therefore, must retain 
some of the caloric radiated by the fire. Is it that the solar rays 
alone pass freely through the glass without paying tribute ? It seems 
unaccountable that the radiation of a common fire shoidd have 
poweo: to do what the sun's rays cannot accomplish. 

Mrs, B, It is not because the rays from the fire have more power, 
but rather because they haTe less, that they heat glass and other 
transparent bodies. It is true, however, th^t ds you approach the 
souipe of heat, the rays being nearer each other, the heat is more 
condensed, and can produce effects of which the, solar ra3rs, from 
the ^eat'distanoe of their source are incapable .-^Thtls we should 
find It impossible to roast a joint of meat by the sun's rays, thongh 
ttt is so easily done by culinary heat. Yet caloric emanated 'firom 
burning bodies, which is commonly called cuUnary heatj has neither 
the intensity nor the velocity of solar rays. All caloric, we haye 
aaid, is supposed to proceed originally from the sun; but after hav- 
ing been incorporated with terrestrial bodies^ and again given oat 
by them, though its nature -is not essentially altered, it retains nei- 
taer the intensity nor velocity with which it first emanated firom 
that luminary; it has therefore^not the. power of passing through 
transparent mediums, euch t.9 glass and water, without being par* 
tialiy retained by those bodies. 

limfy, I recollect 4:hat in the experiment on the reflection of 
heat, the glass screen which you interposed between the burning 
taper and mirror, arrested the rays of caloric', and suffered only 
those of light to pass through it. 

Caroline. Glass windows, then, though they cannot be heated by 
the sun shining on them, may be heated internally, by a fire in the 
room? But, Mrs. B., since the atmosphere is not warmed by the 
solar rays passing through it, how does it obtain heat ? For all the 
fires that are burning on the surj^u^ of the earth would contribute 
very little towards warming it. 

JWi%. l^he radiation of heat is not confined to burning bodies ; 
for all. nodiea, you know, have that property ; therefore, not only 
every thing upon the surface of the earl^, but the earth itself, must 
radiate heat ; and this terrestrial caloric, not having, I suppose, su^ 
ficient power to traverse the atmosj^ere, conrniunicates heat to k. 

Mrs, jB, Your inference is extremely well drawn ,*Emily ; but the 
foundation ron which it rests is not «ound ; for the fact is, that ter- 
restrial or culinary heat, though it cannot pass through the denser 
transparent mediums, such as glass, or water, without loss, travers- 
es the atmosphere completely ; so that all the heat which the earth 

218.* What is culinary heat? 

219. Why does fire heat glass, when the sun does not ? 

220. To what experiment is allusion here made illustrative of tl^ 
irabject? 
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xttdiatts, vaSem h meets whfa clouds* or any fi)ieigtt bofy to Bttd^ 
oept its pa88^«, |>a88e8 intb the distant regions of the nnirerse. 

Carohne, What a pity that so much heat should he wasted ! 

JMu. j9. Before you are tempted to object to any law of nature, 
refle^prhether it may not prove to be one of the numberless dispen- 
sations of Providence for our good. If all the heat which the earth 
has received from the sun since the creation, had been aceumuksted 
in it, its temperature at this time, would no doubt have heea more 
islevated than any human being could have borne. 

X^oHne, 1 spoke, indeed, very inconsidierateljr. But, Mrs..B., 
though the earth j at such a high temperature, mi^ht have scorched 
pur feet, we should always have had a coot refi«fhmg air to breathe, 
since the radiation of the earth does not heat the atmosphere. 

Emiiy, The cool air would have a^rded but very insufficient 
re&eshment, whilst our bodies were exposed to the burning radian 
tion of the earth. 

Mrs, B. Nor should we have breathed a cool air ; for though jt is 
true that heat is not communicated to the atmosphere by radiation^ 
yet the air is warmed by contact with heated bodies, in the same 
manner as solids or liquids. The stratum of air which is immedi- 
ately in contact with the earth is heated by it ; it becomes specific- 
ally lighter, and rises, maMng way for another stratum of air, which 
is m its turn heated and carried upwards ; and thus^ each syccessiye 
stratum of air is warmed by commg in contact with the earth. You 
may perceive this effect in a sultry day, if you attentively observe 
the strata of «dr near the surface of the earth ; the^ appear in con- 
stant agitation; for though it is true the air itself is invisible, yet 
the sun shining on the vapors floating in it, render them visible, kke 
Uite amber dust in the water. The temperature of the surface of 
the earth is therefore the source from whence the atmosphere de- 
rives its heat, though it is communicated neither by radiation, nor 
transmitted from one particle of it to another by the conducting 
power; but every particle of air must come in contact with the 
earth in order to receive heat from it. 

Emily, Wind, then, by agiiatiitg the air, should contribute to 
oool the earth and /Warm the atmosphere, by bringing a more rapid 
succession of fresh strata of air in contact with the earth i and yet 
in general wind feels cooler than still air. 

Mrs, B, Beo^use the agitation of the air carries off heat from*the 
surface of oar bodies more rapidly than still air, by occasioning a 
greater number of points of contact in a given time. 

* Every one has observed how oppressive the heat is on a foggy, 
or cloudy day in the sunmier. The moisture of the fog absorbs the 
heat which the earth radiates, and throws it back upon the earth 
again, and upon us.--0. 
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t ' 221. What becomes of the heat whieh the earth radiates ? 

222. What would be the effect if all the heat which the e%fth hasxe 
ceived from the sun, since the creation, had been accumulated in it?. 

223. Why in summer, is it particularly hot in cloudy, or fogg> 
«reather ? 

224. HoiD is tkniiir hmud, if not as has hten said, ky ihs raifs tf <fts 
mtnpassing through it f 

2&, YHij is IbeVind cooling to our badiee ? 
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JEhdfy. Since it ib from the earth, and not the son, that the at- 
mosphere receives its heat, I no longer wonder that elevated regions 
should be colder than plains and valleys. It was always a subject 
of astonishment to me, that in ascending a mountain and approach* 
ing the san, the air became colder instead of being more heated. 

Mrs, B, At the distance of about a hundred millions of miles, 
which we are from the sun, the approach of a few thousand feet 
makes no sensible difference, whilst it produces a very considerable 
effect with regard to the warming of the atmosphere at the surface 
of the earth. 

Caroline. Yet as the warm air arises from the earth, and the cold 
air descends to it, I should have supposed that heat would have ao- 
conmlated in the upper regions of the atmosphere, and that we 
should have felt the air warmer as we ascended. 

Mrs. B. The atmosphere you know, diminishes in density, and 
consequently in weight, as it is more ^tant from the earth ; the 
warm air, therefore, rises only till it meets with a stratum of air of 
its own density; and it will not ascend into the upper regions of the 
atmosphere until all the parts beneath have been previously heated. 
The length of summer, even in warm climates, does not heat the air 
sufficiently to melt the snow which has accumulated during the win- 
"" '^ ter on very high mountains, although they 

are almost constantljr exposed to the heat 
of the sun's rays, being too much elevated 
to be often enveloped in clouds. 

Emily. These explanations are very sat- 
isfactory ; but allow me to ask you one more 
question respecting the increased levity of 
heated liquids. You said that when water 
was heated over the fire, the particles at the 
bottom of the vessel ascended as soon as 
heated, in consequence of their specific 
levity ; why does not the same effect con- 
tinue when the water boils and is converted 
into steam? and why does the steam arise 
from the surface instead of the bottom of 
the liquid? 

Mrs. B. The steam or vapour does as-* 
cend from the bottom, though it seems to' 
arise from the surface of tlfe liquid. We 
shall boil some water in this Florence flask, 
(Fi^. 6.) in order that you may be well ao- 
quamted with the process of ebullition ; you 
will then see through the glass, that the va- 
por rises in bubbles from the bottom. We 
shall make it boil by means of a lamp, which 
is more convenient for this purpose than 




BoiUngwaterioaflaBkover^, "*vxo wu^tu 
a patent lamp. the chmmey fire. 



^ 296. Why is it colder on high hills and mountains than it is in val- 
leys, since the former are nearer the sun than Uie latter, and since, al* 
■o, it 18 the nature of the air to rise as it becomes warmed ? 

227. What illustration is mentioned to show that the air is not 
heated by the 8un*B rays passing through it ? 
-V SSS Does water biui from the top, or from the bottom of a vessel' 

6 
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Emdy, I see some small babbles ascead, and a ^reat many appear 
all over the inside of the flask ; does the water begin to boil already ? 

Mrs, B. No ; what you now see are bubbles of air, which were 
either dissolved in the water, or attached to the inner surface of 
the flask, and which, being rarefied by the heat, ascend in the water. 

Emily, But the heat i^hich rarefies the air inclosed in the water 
must rarefy the water at the same time; therefore, if it could remain 
stationary m the water when both were cold, I do not understand 
why it should not when both are equally heated. 

Mrs, B, Air being much less dense than water, is more easily 
rarefied/; the former, therefore, expands to a great extent, whilst 
the latter continues to occupy nearly the same space ; for the war 
ter dilates comparatively but very little without changing its state 
and becoming vapour. Now that the water in the fiask begins to 
boil, observe what large bubbles rise from the bottom of it. 

JEkvUy. I see them perfectly ; but I wonder that they have snffi- 
eient power to force themselves through the water. 

Caroline, They must rise, you know, from their specific levity. 

Mrs, B, You are right, Caroline, but vapor has not in all li- 
quids (when brought to the denee of vaporization) the power of 
overcoming the pressure of the less heated surface. Metals, for ixr- 
stance, mercury excepted, evaporate only from ^e surface ; there- 
fore no vapour will ascend from them till the degree of heat which, 
is necessary to form it has reached the surface ; that is to say, till 
the whole of the liquid is brought to a state of ebullition. 

Emily. I have observed that Steam, immediately issuing from the 
spout of a tea kettle, is less- visible than at a further distance from 
it, }ret it must be more dense when it first evaporates, than when it 
begins to diffuse itself in the air. 

Mrs, B, When the steam is fiist formed, it is so perfectly dissolv- 
ed by caloric, as to be invisible* In order, however, to understand 
this, it will be necessary for me to enter into some explanation re- 
specting the nature of BOLirTioN. Solution takes place whenever a 
lK>dy is melted in a fluid. In this operation the body is reduced 
to such a minute state of division by the fluid, as to become invisible 
in it and to partake of its fluidity ; but in common solutions this 
happens without any decomposition, the body being only divided 
into its integrant particles by the fluid into which it is melted. 

Caroline, It is then a mode of destroying the attraction of aggre- 
gation. 

Mrs. B. Undoubtedly — ^the two principal solvent fluids are loo- 
ter and caloric. You may have observed *that if you melt salt in wa- 
ter it totally disappears, and the water remains clear and transpa- 
rent as before ; yet thoup^h the union of these bodies appears aa 
perfect, it is not produced by any ehemical combination ; both the 

«, 229. What causes those bubblei which sscend, and those which 
gather on the inside of a vessel when water is heating ? - 

230. Why is air more easily rarefied than water ? 

231. When water begins to boil why do large bubbles rise from the 
Bottom ? 

232. Has vapour always the power of overcoming the preasore of 
the less heated surface ? 

233. What substances evaporate only firom the surfiwe ? 
231. When does solution take place f 

236. What are the two principal solTent fluids ^ 
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salt and the water lemain ui;Lchaiiged ; and if yon were to separate 
them by evapoiating the latter, you would find the salt in the same 
state as before. 

Emily, I suppose that water is a solTont for solid bodies, and car 
loric for liquids. • 

Mrs. B. Liquids, of course, can only be converted into vapour by 
caloric. But the solvent power of this agent is not at all confined 
to that class of bodies ; a great variety of solid substances are dis- 
solved by -heat; thus metius, which are insoluble in water, can be 
dissolved by intense heat, being first fused or converted into a liquid 
and then rarefied into an invisible vapour. Many other bodies, such 
as salt, gums, &c. yield to either of these solvents. 

CkzroUne. And that, no doubt, is the reason whyjbot water will 
melt them so much better than cold .water, 

Mrs. B. It is so. Caloric may, indeed, be considered as having 
in every instance, some share in the solution of a body by water, 
since water, however low its temperature may be, always contains 
more or less caloric. 

Emily. Then, perhaps, water owes its solvent power merely to 
the caloric contained in it. 

Mrs. B. That, probably, would be carrying the speculation too 
fiur ; I should rather thiuk that water and caloric unite their efiforts 
to dissolve a body, and that the difficulty or facility of effecting this, 
depend both on the degree of attraction of aggregation to be over* 
come, and on the arrangement of the particles which are more or 
less disposed to be divided and penetrated by the solvent. 

Emih/. But have not all liquids the same solvent power as water? 

Mrs. B. The solvent power of other liquids varies according to 
their nature, and that of the substances submitted to their action.-^ 
Most of these solvents, indeed, differ essentially from water, as ther 
do not merely separate the integrant particles of the bodies whicn 
they dissolve, but attack their constituent principles by the power 
of chemical attraction, thus producing a true decomposition. These 
more complicated operations we must consider in another placOi 
and confine our attention at present to the solutions by water and 
caloric. 

Carolme. But there are a variety of substances which, when dis- 
solved in water, make it thick and muddy, and destroy its transpa- 
rency. 

Mrs. B. In this case, it is not a solution, but simply a 'mixture. 
I shall show you the difference between a solution and a mixture^ 
by putting some common salt into one glass of water, and some pow- 
der of chSk into another; both these substances are white, but their 
efi^t on the water will be very different. 

Caroline. Very different, indeed ! The salt entirely disappears 

236. After salt has been dissolved in water, can they be separated 
80 as to have the salt in the same state as before it was dissolved ? 

By what means ? 

237. Has caloric any influence in the solution of a body by water ? 

238. On wiiat does the difficulty or facility of dissolvinig bodies de- 
pend' 

239. Have all liquids the same solvent power as water? 

240. How do these solvents differ from water? 

241. What is the difference between a solution and a nuxtuse ? 
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and leave the water transparent, whilst the chalk changes it into aa 
opaque liquid like milk. 

Bmihj. And would lumps of chalk and salt produce similar efl^ts 
on water ? 

Mrs, B. Yes, but not so rapidly : salt is, indeed, soon melted, 
though in a lump : but chalk, which does hot mix so readily with 
water would require a much greater length of time ; I therefore 
preferred showing you the experiment with both substances reduced 
to powder, which does not in any respect alter their nature, but fa- 
cilitates the operation merely by presenting a greater quantity of 
surface to the water. 

I must not forget to mention a very curious circumstance respect- 
ing solution, which is, that a fluid is not nearly so much increased 
in bulk by holding a body in solution, as it would be, by mere mix- 
ture with the body ? 

CafoUne. How is that possible ? for two bodies cannot exist to- 
gether in the same space. 

Mrs. B. Two bodies may, by condensation, occupy less spaca 
when in union than when separate, and this I can show you by an 
easy experiment. 

This phial which contains some salt, I shall fill with water, pour* 
in^ it in quickly, so as not to dissolve much of the salt ; and when 
it IS quite full I cork it. If I now shake the phial till the salt is dis- 
solved, you will observe that it is no longer full. 

Caroline. I shall try to add a little more salt. But now you see, 
Mrs.*'B., the water runs over. 

Mrs. B. Yes ; but observe that the last quantity of salt you put 
in remains solid at the bottom and displaces the water ; for it haus 
already melted all the salt it is capable of holding in solution. This 
is called the point of saturation ; and the water in this case is said 
to be saturated mith salt. 

Emily, I think I now understand the solution of a solid body by 
water perfectly ; but I have not so clear an idea of the solution of a 
.liquid by caloric. 

Mrs. B. It is probably of a similar nature ; but as caloric is an 
invisible fluid, its action as a solvent is not so obvious as that of wa- * 
ter. Caloric, we may conceive, dissolves water and converts it in- 
to vapour by the same process as water dissolves salt ; that is to say, 
the particles of water are so minutely divided by the caloric as to 
become invisible. T^hus, you are now enabled to understand why 
the vapour of boiling water, when it first issues from the spout of a 
kettle is invisible : it is so, because it is then completely dissolved 
by caloric. But the air with which it comes in contact, beins^ 
much colder than the vapour, the latter yields to it a quantity of 
its caloric. The particles of vapour being thus in a good measure 
deprived of their solvent, gradually collect, and become visible in 
the form of steam, which is water m a state of imperfect solution ; 
and if you were further to deprive it of its caloric, it would return 
to its original liquid state. 

S242. Are fluids equally iucreased in bulk by the solution and the 
mixture of a solid ? 

243. What experiment proves that they are not } 

244. When is a solvent saturated ? 

245. Why is vapour less visible on first ridng from a liquid, than %£• 
ter having ascended a distance from it ? 
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QtroUne. That I understand veTV well. If you hold a gold plate 
OTer a tea-urn, the steaiU issuing from it will be immediately con- 
verted into drops of water by parting with its caloric to the plate ; 
but in what state is the steam when it becomes invisible by being 
^diffused in air ? . 

Mrs, B. It is not merely diffused, but is again dissolved by the air. 

JEhnify. The air, then, has a solvent power, like water and caloric ? 

Mrs. B., This was formerly believed to be the case. But it ap- 
pears from more recent enquiries that the solvent power of the at- 
mosphere depends solely upon the caloric contained m it. Sometime^ 
tiie watery vapor diffused in the atmosphere is but imperfectly dis- 
solved, as is the case in the formation of clouds and fogs ; but if it 
^ets into a region sufficiently warm, it becomes perfectly invisible. 

Emify^ Can any water be dissolved in the atmosphere without 
iiaving been previously converted into vapour by boiling ? 

Mrs. B. Unquestionably ; and this constitutes the dilFerenue be- 
tween vaporization and evaporation. Water, when heated to the 
1)oiling point, can no longer exist in the form of water, and must 
necessanly be converted into vapour or steam, whatever may be 
■the state and temperature of the surrounding medium ; this is called 
vaporizatipn.. But the atmosphere, by means of the caloric it coa<> 
tains, can take up a certain portion of water at any temperature,' 
and hold it in a state of solution. This is simply evaporation. Thus 
the atmosphere is continually carrying off moisture from the sur- 
^e of the earth, until it is saturated with it. 

Caroline, This is the case, no doubt, when we feel the atmosphere 
<damp. 

Mrs. B. On the contrary, when the moisture is well dissolved it 
4)Ccasions no humidity ; it is only when in a state of imperfect solo* 
tion and floating in the atmosphere, in the form of watery vapour^ 
diat it produces dampness. This happens more frequently in win- 
der than in summer ; for the lower the temperature of the atmos- 
phere, the less water it can dissolve ; and in reality it never con- 
tains so much moisture as .in a dry, hot, summer's day. 

Caroline. You astonish me ; but why, then, is the air so dry in 
frosty weather, when its temperature is at the lowest? 

JEiniLij. This, I conjecture, proceeds not so much from the mois- 
ture b^m^ dissolved, as &om its being frozen ;* is not that the case? 

Mrs. £ It is ; and the freezing of the watery vapor which the 

* In cold climates, where there is not a doud to be seen, and the 
sun rises in all his glory, the air is sometimes full of Ettle particles 
of ice glistening in every direction, and forming a most beautiful 
spectacle. This is owing to the condensation, and freezing of the 
I>articles ef water in the air, by the intense cold. — C- 
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246. Upon what does the lolvent power of the atmosphere depend ? 
^\247. What causes fojgrg ? 

248. What is the difiference between vaporation and^vaporization ? 

249. Why does the atmosphere sometimes feel damp? 

\ 250. When does the atmosphere contain most moisture, in sommer 
or winter. 

, 251. Why^is the air so dry in frosty weather? 
> ^152. How is frost produced. 
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atmospheric heat oonid not dissolve, produces what is called a hoar 
frost ; for the particles descend in freezing, and attach themselfes 
to whateTer they meet with on the surface of the earth. 

The tendency of free caloric to an equilibrium, together with its 
solvent power, are likewise connected with the phenomena of rain^ 
of dew, &c. When most air of a certain temperature happens to 
pass through a cold region of the atmosphere, it parts with a por* 
tion of its heat to the surrounding air ; the quality of caloric, there- 
fore, which served to keep the water in a state of vapour, being di* 
minished, the watery particles approach each other, and form thenn 
selves into drops of water, which, oeing heavier than the atmosphere 
descend to the earth. There are also other circumstances, ana par* 
ticularly the variation in the weight of the atmosphere, the changes 
which take place in its electricaQ state, &c. which may contribute 
to the formation of rain. This, however, is an intricate subjeet, 
into which we cannot more fully enter at present. 

Emily, In what manner do you account for the formation of dew ? 

Mrs. B. Dew is a deposition of watery particles or minute drops 
firom the atmosphere, precipitated by the coolness of the evening. 

Caroline, This precipitation is owing, I suppose, to the coolmg 
of the atmosphere, which prevents its retaining so great a quantity 
of watery vapour in solution as during the heat of the day. 

Mrs. n. Such was, from time immemorial, the generally received 
opinion respecting the cause of dew ; but it has been very recently 

5 roved by a course of ingenious experiments of Dr. Wells, that the 
eposition of dew is produced by the cooling of the sur^aiee of the 
earth, which he has shown to take place previously to the cooling 
of the atmosphere ; for on examining the temperature of a plot of 
grass just before the dew-fall, he found that it was considerably 
colder than the air a few feet above it, firom which the dew was 
shortl]^ after precipitated ? 

JEmify. But why should the earth cool in the evening sooner than 
the atmosphere ? 

Mrs, B, Because it parts with its heat more readily than the air ; 
the earth is an excellent radiator of caloric, whilst the atmosphere 
does not possess that property, at least in any sensible degree. To- 
wards evening, therefore, when the solar heat declines, and when 
after sun-set it entirely ceases, the earth rapidly cools by radiating 
heat towards the skies ; whilst the air has no means of parting wita 
its heat but by coming in contact with the cooled surface of the 
earth, to which it communicates its caloric. It* solvent power be> 
ing thus reduced, it is unable to retain so large a portion of watery 
vapour, and deposits those pearly drops which we call dew, 

EmUy, If this be the cause of dew, we need not be apprehensive 
of receiving any injury from it ; lor it can be deposited only on sur- 
faces that are colder than the atmosphere, which is never the case 
with our bodies. 

Mrs, B. Very true ; yet I would not advise you for this reason to 

S253. How u rain formed ? 

254. In what manner do we account for the formation of dew i 

255. To what is the precipitation owing that tidkes place in the pnK 
duction of dew ? 

256«- Why does the earth oool sooner in the evening than the ai* 
mospheve? 
8&7. What ill eflbets may nmilt firom dew to'health? 
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be too confident of escapmp all the ill efiects which may aiite from 
exposure to the dew ; for it may be deposited on yoar clothes, and 
cfaul yon afterwards by its evaporation irom them. Besides, when- 
eyer the dew is copious, there is a chill in the atmosphere which is 
not always safe to encounter. 

Caroline. Wind, then, should promote the deposition of dew, br 
bringing a more rapid succession of particles of air in contact with 
the earth, just as it promotes the cooling of the earth and warming 
of the atmosphere during the heat of the ds^ 

Mrs. B. This may be uie case in some decree, provided the agita« 
tion of the air 1)6 not considerable ; for when the wind is stronff 
it is found that \efla dew is deposited than in calm weather, especial- 
ly if the atmosphere be loaded with clouds. These accumulations 
of moisture not only prevent the free radiation of the earth to* 
wards the upper regions, but themselves radiate towards the earth ; 
for which reasons much less dew is formed than on fine clear nights 
when the radiation of the earth passes without obstacle through the 
atmosphere to the distant regions of space, whence it receives no 
caloric in exchange. The dew continues to be deposited during the 
night, and is generally the most abundant towards morning when 
the contrast between Uie temperature of the earth, and that of the 
air is greatest. After sunrise the equilibrium of temperature be- 
tween those two bodies is gradually restored by the solar rays pass- 
ing freely through the atmosphere to the earth ; and later in the 
morning the temperature of the earth gains the ascendancy, and 
gives out caloric to the air by contact, in the same manner as it re- 
ceives it from the air during the night. 

Can you tell me, now, why a bottle of wine taken fresh firora the 
cellar (in summer particularly,) will soon be covered with dew ; 
and even the glasses into which the wine is poured will be mois-^ 
tened with a similar vapour ? 

Unify. The bottle being colder than the surrounding air, must 
absorb caloric from it; the moisture, therefore, which that air con- 
tained, becomes visible, and forms the dew which is deposited on 
the bottle. 

Mrs. B. Very well, Emily. Now Caroline, can you inform me 
why, in a warm room or close carriage, the contrary efifect takes 
place ; that is to say, that the inside of the windows is covered with 
vapour? 

Caroline. I have heard that it proceeds from the breath of those 
within the room or the carriage ; and I suppose it is occasdoned by 
the windows which, being colder than the breath, deprive it of pail 
of its caloric, and by this means convert it into watery vapour. 

Mrs. B. You have both explained it extremely well. Bodies at- 

^' 256. When does wind promote the deposition of dew ? 
^ 259. Why does more dew accumulate in a clear night than when 
it is cloudy ? 

260. When is the dew most abundant, and why is it then most 
abundant? 

7 261. Why is a tumbler or bottle filled with cold water eovered with 
moisture in a warm day ? 

262. Whv in a warm room or in a close carriage does moisture 
collect on the inside of the windows ? 

263. Why does less dew ooUeet on roeks and sands, than en grass 
■ndTegetables? 
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tract dew in proportion as they are ^ood radiaton of caloric, as it is 
this Quality which reduces their temperature below that of the at- 
mostmere ; hence we find that little or no dew is deposited on rocks, 
sand, or water ; while grass and living vegetables, to which it is so 
highly beneficial, attract it in abundance — another x^markable in- 
stance of the wise and bountiful dispensations of Providence. 

Emily. And we may again observe it in the abundance of dew in 
summer, and in hot climates, when its cooling efifects are so mnch 
required; but I do not understand what natural cause increases 
.the dew in hot weather .> 

Mr^. B. The more caloric the earth receives during the day, the 
more it will radiate afterwards, and consequently the more rapidly 
its temperature will be reduced in the evening, in comparison to 
that of the atmosphere. In the West Indies es|)ecially, where the 
.intense heat of the day is strongly contrasted with the coolness of 
the evening, the dew is prodigiously abundant^ During a drought 
the dew is less plentiful, as the esurth is not sufficiently supplied with 
moisture to be able to saturate the atmosphere. 

Caroline. I have often observed, Mrs. B., that when I walk oat 
jn frosty weather, with a veil over my face, my breath freezes upon 
it. Pray what is the reason of that ? 

Mrs. B. It is because the cold air immediately seizes on the calo- 
ric of your breath, and, by robbing it of its solvent, reduces it to a 
denser fluid, which is the watery vapour that settles on your veil, 
and there it continues parting with its caloric till it is brought down 
.to the temperature of the atmosphere, and assumes the form of ice. 

You may, perhaps, have observed that the breath of animals, or 
rather the moisture contained in it, is visible in damp weather, or 
during a frost. In the former case, the atmosphere beinig over satu- 
rated with moisture, can disaolve no more. In the latter, the coM 
condenses it into visible vapor ; and for the same reason the steam 
arising from water that is warmer than the atmosphere, becomes 
visible. Have you never taken notice of the vapour rising from 
your hands after having dipped them into warm water? 

Caroline. Frequently, especially in frosty weather. 

Mrs. B. We have already observed that pressure is an obstacle 
to evaporation : there are liquids which contain so great a quanUt j 
of caloric, and whose particles consequently adhere so sHffhtly to- 
gether, that they may be rapidly converted into yapoar without any 
elevation of temperature, merely by taking oflf the weight of the at- 
mosphere. In such liquids you perceive, it is the pressure of the 
atmosphere alone that connects their particles, ^uxd Keeps them in 
a liquid state. 

Caroline. 1 do not well understand why the particles of such flu- 
ids should be disunited and converted into vapour, without any ele- 
vation of temperature, in spite of the attraction :Of cohesion. 

Mrs. B. It is because the degree of heat at which we usually 

264. Why does more dew collect in summer and in cold climates 
than in winter and warm climates ? 

5265. Why is there a small quantity of dew in a time of drought? 
' 266. Why is the moisture contained in the breath of ftniTnula yigi. 
ble in damp weather, or during a frost.' 

267. How are certain liquids, which contain a great degree of cilo* 
xic^ conyerted into vapour, without any incrsaae of temperature ? 
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observe these fluids is sufficient to overcome their attraction of oo* 
hesion. Ether is of this description ; it will boil and be converted 
into vapour, at the common temperature of the air, if the pressure 
of the atmosphere be taken off. 

J^nily, I thought that ether would evaporate without either the 
pressure of the atmosphere being taken away, or heat applied ; and' 
that it was for that reason so necessary to keep it caremlly corked 
up. 

Ijirs. B, It is true it will evaporate, but without ebullition ; what 
I am now speaking of is the vaporization of ether, or its conversion 
into vapour by boiling. 1 am going to show you how suddenly the 
ether in this phial will be converted into vapour, by means of the 
air pump. Observe with what rapidity the bubbles ascend, as I 
take off the pressure of the atmosphere. 

Caroline, It positively boils ;* how singular, to see a liquid boil 
without heat ! 

Mrs. B. Now I shall Fig. 7. 

place the phial of Pneumatic Pvmp. - 

ether m this glass, ' 

which it nearly fills, 
BO as to leave only a 
small space, which I 
fill with water : and 
in this state I put it 
again under- the re- 
ceiver.* — You will 
observe, as I exhaust 
the air from it, that 
whilst the ether boils, 
the water freezes ! 

Caroline. It is in- 
deed wonderful to see 
water freeze in con- 
tact with a bbUing flu- 
id ! 

Endty. I am at a 
loss to conceive how 
the ether can pass to _. _ _^. * ^ i • *. , .v 

41 ^*„*„ ^r^ z,. « Pig. 7. Ether evaporated and water frozen In tbo 

tne State Ot vapour, ^i,. pu„p. a. Phial of ether. B. Glass ves9el con- 

without an addition of taining water. C. C. Thermometers, one in the 

caloric. Does it not *^'*>®'' '*»« "^^^^ '" '*»« «'*'*'"'• 

contain more caloric in a state of vapor, than in a state of liquidity? 




• Two pieces of thin glass tubes, sealed at one end, might answer 
this purpose better. The experiment, however, as here described, 
is difficult, and requires a very nice apparatus. But if, instead of 
phials or tubes, two watch glasses be used, water may be frozen al- 
most instantly in the same manner. The two glasses were placed 
over one another, with a few drops of water interposed between 
them, and the uppermost glass is filled with ether. After working the 

268. How can ether be made to boil without the application of ca- 
loric ? 
S£9. How is the experiment made .' 
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Mrs, B, Itcertainlir does; for though it is the pTessare of theat> 
mosphere which condenses it into a fiquid, it is by fordiig out the 
caloric that belongs to it when in an aerilbnn state. 

Emily. Ypu have therefore, two difficulties to explain, Mrs. B. 
First, whence the ether obtains the caloric necessary to convert it 
into vapour, when it is relieved from the pressure of the atmosphere ; 
and, secondly, what is the reason that the water in which the bot- 
tle of ether stands, is frozen ? 

Caroline, Now, I think I can answer both these questions. The 
ether obtams the addition of caloric required, from the water in the 
glass ; and the loss of the caloric which the latter sustains, is the oo- 
casion of its freezing. 

Mrs. B. You are perfectly right ; and if you look at the ther- 
mometer which I have placed in the water, wMlst I am working the 
pump, you will see that every time bubbles of vapour are produ- 
ced, the mercury descends ; which proves that the heat of tne wa- 
ter diminishes in proportion as the ether boils. 

Emili/, This I understand now very well ; but if the water freezes 
in consequence of yielding its caloric to the ether, the equilibrium 
of heat must in this case be totally destroyed. Yet you have told 
US, that the exchange of caloric between two bodies of equal tern- 
{>erature, was always equal ; how, then, is it that the water, which 
was ori^ally of the same temperature as the ether, gives out ca- 
loric to It, till the water is frozen and the ether made to boil ? 

Mrs. B, I suspected that you would make these objections ; and 
in order to remove them, I enclosed two thermometers in the air- 
pump ; one of which stands in the glass of water, the other in the 
phial of ether ; and you may see that the equilibrium of temper- 
ature is not destroyed ; for as the thermometer descends in the wa- 
ter, that in the ether sinks in the same manner ; so that both ther- 
mometers indicate the same temperature, though one of them is in 
a boiling, the other in a freezing liquid. 

Emily, The ether, then, becomes colder as it boils ! This is so 
contrary to common experience, that I confess it astonishes me ex- 
ceedingly. 

Caroline, It is, indeed, a most extraordinary circumstance. But 
pray how do you account for it ? 

Mrs. B, I cannot satisfy your curiosity at present ; for before we 
can attempt to explain this apparent paradox, it is necessary to 
become acquainted with the subject of latent heat, and that, I 
think, we must defer till our next interview. 

Caroline, I believe, Mrs. B. that you arc glad to put off the ex- 
planation ; for it must be a very difficult point to account for. 

Mrs, B, I hope, however, tnat 1 shall do it to your complete sat- 
isfaction. 

Emily, But before w^ part, give me leave to ask you one ques- 

pump for a minute or two, the glasses are found to adhere strongly 
together, and a thin layer of ice is seen between them. 

270. In what state does elher exist when the pressure of the atmo^- 
phere is taken off.' 

271 . Why does the evaporation of ether freeze water .' 

272. What experiment is made with water and ether, and two tber 
mometecs' 
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lion. Would not water, as well as ethei boil wi& less heat, if de- 
prived of the pressure of the atmosphere . 

Mrs, B, Undoubtedly. You must always recollect that there 
are two forces to overcome, in order to make a liquid boil or evap> 
orate ; the attraction of aggregation, and the weight of the atmos- 
phere. On the summit of a high mountain (as M. De Saussure aa- 
oertained on Mount Blanc,) much less heat is required to maJce 
water boil, than in the plain where the weight of the atmosphere is 
greater.* Indeed, if the weight of the atmosphere be entirely re- 
moved by means of a good air pump, and if water be plaeed in the 
exhausted receiver, it will evaporate so i^t, however cold it may 
be, as to give it the appearance of boiling from the surface. Bat 
without the assistance of the air pump, I can show you a very pret- 
ty experiment, which proves the efiect of the pressure of the at- 
mosphere in this respect. 

Observe that this Florence flask is about half full of water, and 
the upper half of invisible vapour, the water beinff in the act of boil- 
ing. T take it from the lamp, and cork it carefully — ^the water, you 
see, immediately ceases boumg. I shall now dip the flask into a 
basin of cold water.f 

Caroline. But look, Mrs. B., the water begins to boil again, al- 
though the cold water must rob it more and more of its cadoric ! 
What can be the reason of that ? 

Mrs. B. Let us examine its temperature. You see the ther- 
mometer immersed in it remains stationary at 180 degrees which is 
about 30 degrees below the boihng point. When I took the flask 
from the lamp, I observed to you tiiat the upper part of it was filled 
with vapour ; this being compelled to yield its caloric, to the cold 
water, was again condensed into water. What then filled ^e up* 
perpart of the flask ? 

limiy. Nothing ; for it was too well corked for the air to p:ain 
admittance, and therefore, the upper part of the flask must be a 
vacuum. 

Mrs. B. The water below, therefore, no longer sustains the 
pressure of the atmosphere, and will consequently boil at a mu<^ 
lower temperature. Tnus you see, though it had lost many degrees 
of heat, it began boiling again the instant the vacuum was formed 
above it. The boiling has now ceased, the temperature of the watw 

* On the top of Mount Blanc, water boiled when heated only to 
188 degrees, ustead of 212. 

t The same efiect may be produced by v^rappkig a cold wet lix^ 
en cloth round the upper part of the flask. In order to show you 
how much the water cools whilst it is boiling, a thermometer grad- 
uated on the tube itself, may be introduced into the bottle through 
the cork. — C. 

273. What two foioes are to be overcome in order to make a liquid 
boil or evaporate ? 

574. Why does it require the application of less caloric to boil water 
on a hiffh mountain than on low land ? 

575. What is the appearance of water when placed in an exhausted 
leoeiver ? 

276. What experiment is mentioned to show how the boiling of I^ 
quids is effiscted by atmospherical pressure ? 
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beinff still fardier reduced ; if it had been ether instead of water, it 
would have continued boiling much longer, for ether boils under 
the usual atmospheric pressure, at a temperature as low as 100 de- 
grees ; and in a vacuum it boils at almost any temperature ; but 
water being a more dense fluid, requires a more considerable quan- 
tity of caloric to make it evaporate quickly, even when the pres- 
sure of the atmosphere is removed. 

JSmily, What proportion of vapour can the atmosphere contain in 
a«tate of solution. 

Mrs, B, I do not know whether it has been exactly ascertained 
by experiment ; but at any rate this proportion must vary, accord- 
ing to the temperature of the atmosphere ; for the lower the tem- 
perature, the smaller must be the proportion of vapor that the at- 
mosphere can contain. 

Ix) conclude the subject of free caloric,! should mention Ignition^ 
by which is meant that emission of light which is producea in bod- 
ies at a very high temperature, and which is the effect of accumu- 
lated caloric. 

Emily. You laean, I suppose, that Ught which is produced by a 
burning body. 

Mrs. B. No ; ignition is quite independent of combustion. — 
Clay, chalk,. and indeed all incombustible substances may be made 
red hot. When a body bums, the light emitted is the eiSect of a 
chemical change which takes place, whilst ignition is the effect of 
caloric alone, and no other change than that of temperature is pro- 
duced in the ignited body. 

All soUd bodies, and most liquids, are susceptible of ignition, or 
in other words, of bein^ heated so as to become luminous ; and it is 
remarkable that this ta£es place pretty nearly at the same temper- 
ature in all bodies, that is, at about 800 degrees of Fahrenheit's scale. 

EmUy, But how can liquids attain so high a temperature, with- 
out beinff converted into vapour ? 

Mrs. B, By means of confinement and pressure. Water conJ^- 
ned in a strong iron vessel (called Fapin's digester,) can have its 
temperature raised to upwards of 400 degrees. Sir James Hall has 
made some very curious experiments on the effect of heat assisted 
by pressure ; by means of strong gun barrels he succeeded in melt- 
ing a variety of substances wMch were considered as infusible ; 
and it is not unlikely that, by similar methods, water ilself might be 
heated to redness. 

Emily. I am surprised at that ; for I thought that the force of 
Bteam was such as to destroy almost all mechanical resistance. 

Mrs. B. The expansive force of steam is prodigious ; but in of> 
der to subject water to such a high temperature, it is prevented by 
eonfinement &om being converted into steam, and the expansion of 

277. What proportion of vapor can the atmosphere contain in a 
state of solution ? 

V 278. What is meant by ignition ? 
^ 279. How does ignition vary from combustion ? 

280. Are liquids susceptible of ignition ? 

281. At what temperature does ignition take place? 

282. How can they attain so high a temperature without beinj^ 
▼erted into vapour ? 

283. Wbat experiments were made by Sir James Hall ^ 



luxated water is compsmtiyetjf trifling. But we have dwelt so long 
on the subject of free caloric, that we must reserve the other mod^ 
fications of that agent to o\ir next meeting, when we shall endeayor 
to proceed more rapidly; 



CONTERSATIOIf IT. 

«]t COMBINED CALORIC, COMPREHENDING SPECIFIC AND I^TERV 

. HEAT. 



Mrs. B. We axe now to examine the other modMcations4)f 
loric. 

Caroline. I am very curious to know of what nature they can 
be ; for I have no notion of any kind pi heat that is not perceptible 
to the senses. 

Mrs. B. In order to enable you to understand them, it will be 
necessary to enter into some previous explanations. 

It has been discovered by modem chemists, that bodies of a dif- 
ferent nature, heated to the Jiame temperature, do not contain thfl; 
«ame quantity, of caloric. 

Caroline. How could tliat be ascertained ? Have you not told us 
ikat it is impossible to discover the absolute quantity of caloni 
which bodies contain ? 

Mrs, J?. True ; but at the same time I said that we were enabled 
to form a judgment of the proportion which bodies have to each oth- 
er in this respect* True, it is found that, i& order to raise the tem- 
perature of different bodies the same number of degrees, difierent 
quantities of caloric are required for each of them. & lor instanco, 
you place a pound of lead, a pound of chalk, and a pound of null^ 
m a hot oven, they will be gradually heated to the tempeorature oi 
the oven ; but the lead will attain it first, the chalk text, and tbe 
milk last. 

Caroline. That is a natural consequence ^ their difierent bulks ; 
the lead being the smallest body, will be heated soonest, and the 
Biilk, which is the largest, will require the longest time. 

Mrs^ B, That explanation will not do^ for if the lead be the 
least in bulk, it offers also the least .suz£su^ to the caloric, the quan- 
tity of heat therefore, which can enter into it in the same space of 
time is proportionally smaller. 

^mJy. Why, -then, do notlhe three bodies attain the tempexfr- 
tore of the oven at the same time ? 

Mrs. B. It is supposed to be on aooount of the different capaafr- 
ties of these bodies lor caloric. 

Caroline, What do you mean by the capacity of a body for oft- 
loric? 

^ 284. Do bodies of a different nature heated to the wa^ temper*- 
nire contain equal quantities of caloric ? 

885. What facts illostratiTe of this case «re men^onad of Imi!. 
«ha]k and milk ? 

7 
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:Mr5. B, I mean ft certain disposition of bodies to require more or 
less caloric for raising their temperature to any degree of heat.-^ 
Ferliaps the fact may be thus explained : 

Let us put as many marbles into this glass as it will contain, ar^l 
pour sand over them — observe how the sand penetrates and lodg- 
es between thein. We shall now £11 another glass with pebbles 
of variouE- forms — ^you see that they arrasge themselves in a more 
compact manner than the majrbles, which being globular, can touch 
eaeh other by a single point only. The pebbles, therefore, will not 
admit so much sand between them ; and consequently one of these 
glasses will necessarily contain more sand than the other, though 
Ooth of them be equally full. 

Caroline, This 1 understaild perfectly. The marbles and the 
pebbles represent two bodies'of different kinds, and the sand, the 
caloric contained in them ; and it appears very plain from tiiis com- 
parison, that one body may admit of more caloric between its par- 
ticles than another. 

JMTw. B, You can no longer be surprised, therefore, that bodies of 
a difierent capacity for caloric should require different proportions 
of that fluid to raise their temperatures equally. 

Emily, But I do not conceive why the body that contains tho 
most caloric should not be of the highest temperatare : that is to- 
•ay, feel hot in proportion to tlie quantity of caloric it contains. 

Mrs. B, The caloric that is employed in filling the capacity of a 
body is not free caloric r but is imprisoned as it were, in the body, 
and is therefore imperceptible; for we can feel only the caloric 
which the body parts with, and not that which it retains. 

Cceroline. It appears to me very extraordinary, that heat should 
be confined in a body in such a manner as to be imperceptible. 

Mrs. B. If you lay your hand on a hot body, you feel only tho 
caloric which leaves it, and enters your hand ; for it is impossible 
that you should be sensible of that which remains in the body. Tho 
thermometer in the same manner, is afi^ected only by the free calor- 
ic which a body transmits to it, and not at all by that which it does 
not part with. 

Caroline* 1 begin to understand it ; but I confess that the idea of 
iinensible heat is so new and strange to me, that it requires some 
time to render it familiar. 

Mrs. B, Call it insensible caloric, and the difficulty will appear 
much less formidable. It is indeed a sort of contradiction to call it 
heat, when it is so situated as to be incapable of producing that sen- 
M^on. Yet this modification of <»loric is coomionly called bpscii^ 

XC HSAT. 

CaroUne. But it e^ainly would have been more correct to hftTO 
called it spedfk calorie. 

■^^mmm. Ill II .1.1 I . .. I I I —^i^.^ ... III.. . I ,»^-— .i—ia 

'. 286. What is to be understood by the capacity of a bedy for caloric t 
'*' S387. H'iW is this fact explained ? 

288. Why do not bodies that contain most caloric feel hot in pn>>- 
portion to the quantity of caloric they contain ? 

289. When a body transmits caJoric to a thermometer, id the ther- 
mometer affected by what remains in the body ? 

fldO, What is the ixnpcrceptible heat Which bodiea contain calledl 
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Shnfy. I do not understand how the teim specific applies to 
modification of caloric. . * . 

Mrs. B, It expresses the relative quantity of caloric which di^ 
ferent species of bodies of the same weight and temperatirre are ca^ 
nable of containing. This modification is also frequently called 
neat of cajmcityy a term perhaps preferable, as it explains better its 
own meaning. 

You now understand, I suppose, why the milk and chalk required 
a longer portion of time than the lead, to raise their temperature to 
that of the oven ? 

Emily. Yes ; the.milk and the chalk having a greater capacity for 
caloric than the lead, a greater proportion of that iiuid became itH 
sensible in tliose bodies; and the more slowly, therefore, their 
temperature wa^ raised. 

Caroline. But might not this difference proceed from the difiei- 
ent conducting powers of heat in these three bodies, since that' 
which is the best conductor must necessarily attain the temperature 
of the oven first •' 

Mrs. B. Very well observed, Caroline. This objection woul^be 
insurmountable if we could not, by reversing the experiment, prove 
that the milk, the chalk, and the lead actually absorbed dififei'ent 
quantities of caloric, and we know that if the different time thej 
took in heating, proceeded merely from their different conducting 
powers, they would each have acquired an equal quantity of caloric 

Caroline. Certainly. But how can you reverse the experiment? 

JVfrs. B. It may be done by cooling the several bodies to the 
s2ime decree, in an apparatus adapted to receive and measure the 
caloric which they give out. Thus, if yoo plunge them into thres 
equal quantities of water, each at the same temperature, you will 
be able to judge of the relative quantity of calonc which the three 
bodies contained, by that, which, in cooling, they communicated to 
their respective portions of water ; for the same quantity of calorie 
which Ihey each absorbed to raise their temperature, will abandon 
them in lowering it; and, on examining the three vessels of water, 
you will find the one in which you immersed the lead to be the 
least heated ; Uiat which held the chalk will be the next ; and that 
which contained the milk will be heated the most of all. The cel- 
ebrated Lavoisier has invented a machine to estimate, upon this 
frinciple, the specific heat of bodies in a more perfect manner; but 
cannot explain it to you, tiU you are acquainted with the next 
modification of caloric. 

Emily. The more dense a body is, I suppose, the less is its capa- 
city for caloric ? 

Mrs. B. This is not always the case with bodies of different na- 
ture ; iron, for instance, contains more specific heat than tin, though 
it' is more dense. This seems to show that specific heat does not 
merely depend upon the interstices between the particles*,, but 

291., Do all bodies of equal weight contain the same capacity for 
caloric ? 

292. How \b the experiment of the heated lead, chalk, and milk 
plained ? 

^293. How can we ascertain the capacity of a body for caloric f 
\ 294. On what is the capacity of caloric chiefly depending' 
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probably, also npon some peculiar constitution of the bodies, wludi 
we do not comprehend. 

Emily, But, Mrs. B., it would appear to me more proper to com- 
pare bodies by measure, rather than by weight, in order to estimate 
their specific heat. Why, for instance, should we not compare pints 
of milk, of chalk, and of lead, rather than /^outi^/j of those substan- 
ces ; for equal weights may be composed of very different quanti- 
ties. 

Mrs, B. You are mistaken my dear; equal weights must contain 
equal quantities of matter ; and when we wish to know what is the 
relative quantity of caloric, which substances of various kinds are 
capable of containing under the same temperature, we must com- 
pare equal weights, and not equal bulks of those substances. Bod- 
ies of the same weight may undoubtedly be of very dilferent di- 
mensions; but this does not cbange their real, quantity of matter. 
A pound of feathers does not contain one atom more than a pound of 
leaid. 

Caroline. I have another difficulty to propose. It appears to me 
that if the temperature of the three bodies in the oven did not rise 
equally, they would never reach the same degree, the lead would 
always keep its advantage over the chalk and milk, and would, perr 
haps, be boiiing before the others had attained the temperature of 
the oven. I think you might as well say that in the course of time, 
you and I shaU be of the same age. 

Mrs". B, Your compzo-ison is not correct, Caroline. As soon 33 
HtkR lead reached the temperature of the oven, it would remain sta- 
tionary ; for it would then give out as much heat as it would receive. 
You should recollect that the exchange of radiating heat, between 
two bodies of equal temperature, is equal ; it would be impossible, 
therefore, for the lead to accumulate heat after having attained the 
temperature of the oven, and that of the chalk and milk, therefore, 
would ultimately arrive at the same standard. Now I fear that this 
will not hold good with respect to our ages, and that as long as I 
live, I shall never cease to keep my advantage over you. 

Emily. I think that I have found a comparison for specific heat, 
which IS very applicable. Suppose that two men of equal weight 
and bulk, but who require different quantities of food to satisfy their 
appetites, sit down to dinner, both equally hungry ; the one would 
consume a much greater quantity of provisions than the other, in 
order to be equally satisfied. 

Mrs, B, Yes, that is very fair ; for the quantity of food necessa- 
ry to satisfy their respective appetites,' varies in the same manner 
as the quantity of caloric requisite, to raise equally the temperature 
of different bodies. 

EmUy, The thermometer then, affords no indicatSon of the spe^ 
cific heat of bodies. 

Mrs, B, None at all ; no more than satiety is a test of the quai^ 
tity of food eaten. The thermometer, as I have repeatedly said, can 

295. Why are not bodies compared by measure rather than weight 
to estimate their specific heat ? 

296. If different bodies have different capacities for caloric, why do 
they not rise to different terapeiatures in the same atmosphere ? 

^. Does the thermometer afford any indication of the specific beat 
of bodies? 
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he afiected only by free caloric which alone raises the temperatuie 
of bodies. 

But there is another mode of proving the existence of specific heat, 
which affords a very satisfactory illustration of that modification.— 
This, however, I did not enlarge upon before, as J thought it might 
appear to you rather complicated If you mix two fluids of different 
temperatures, let us saytne one at 50 degrees, and the other at 100 
degreeS) of wjiat temperature do you suppose the mixture will be ? 

Caroline. It will be, no doubt, the medium between the two, that 
is to say, 75 degrees. 

Mrs. B, That will be the case if the two bodies happen to have 
the same capacity for caloric ; but if not, a different result will be 
obtained. Th,us for instance, if you mix togetheif' a pound of mercur 
IT, heated at 50 decrees, and a pound of water heated at 100 degrees, 
toe temperature of the mixture, instead of being 75 degrees will be 
80 degrees ; so that the water will have lost only 12 degrees, whilst 
the mercury will have gained 38 degrees, from which you will con- 
clude that the capacity of mercury for heat is less than that of water. 

Caroline. I wonder that the mercury should have so little speci- 
fic heat. Did we not see it was a much ^tter conductor of heat 
tiian water ? . . . 

Mrs. B. And it is precisely on that account that its specific heat 
Ss less. For since the conductive power of bodies depends, as we 
have observed before, on their reaainess to receive heat and part 
with it, it is natural to expect that those bodies which are the worst 
conductors should absorb the most caloric before they are disposed 
to part with it to other bodies. But let us now proceed to latent heai. 

Caroline. And pray, what kind of heat is that ? 

Mrs. B. It is another modification of combined caloric, which is 
so analogous to specific heat, that most chemists make no distino- 
tion between them ; but Mr. Pictet, in his Essay on Fire, has so 
clearly discriminated them, that I am induced to adopt his view of 
the subject. We therefore call latent heat that portion of insensible 
caloric which is employed in changing the state of bodies ; that is 
to say, in converting solids into liquids, or liquids into vapor. — 
When a body changes its state from solid to liquid, or from liquid 
to vapor, its expansion occasions a sudden and considerable in- 
crease of capacity for heat, in consequence of which it immediately 
absorbs a quantity of caloric, which becomes fixed in the^ body it 
has transformed ; and as it is perfectly concealed from our senses, 
it has obtained the name of latetU heat. 

Caroline. I think it would be much more correct to call this mod- 
ification latent caloric instead of latent heat, since it does not ex- 
cite the sensation of heat, 

Mrs. B. This modification of heat was discovered and named by 
Dr. Black, long before the French chemists introduced the term ca- 
loric, and we must not presume to change it, as it is still used by 

296. What other method is mentioned as proving the existenceof 
specific heat j* 

299. What will be the result as to temperature, if mercury heated 
at 50, and water heated at 100 degrees be mixed together .' 

300. Why has mercury 8o little jspecific heat P 
1 301. What is latent ciuoric ? 

^ 302. Whatdoes the conversion ofa solid to a liquid occasion f 
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much better chemists than ourselves. Besides, yoa are not to sup- 
pose that the nature of heat is altered by being yariously modifiea ; 
for if latent heat and specific heat do not excite the same sensations 
as free caloric, it is owing to their being in a state of confinement, 
which prevents them from acting upon our organs; and conse- 
quently, as soon as they are extricated from the body in which they 
are imprisoned,* they return to their state of free caloric' 

EmUv. But I do not yet clearly see in what respect latent heat 
^fi'ers from specific heat ; for they are both of them imprisoned and 
concealed in bodies. 

Mrs. B: Specific heat is that which is employed in filling the ca- 
pacity of a body for caloric^ in the state in which this body actuaUy 
exists ;' while latent heat is that which is employed only in afleetin^ 
a change of state ^ that is, in converting bodies from a solid to a li- 
quid, or from a liquid to an aeriform state. But I think, that in a 
ffeneral point of view, both these modifications might be compre* 
bended under the name of heai of capacity, as in both cases the car 
ioric is equally engaged in filling the capacity of bodies. 

I shall now show you an experiment, which I hope will give yoa 
a clear idea of what is understood by latent heat. 

The snow which you see in this phial has been cooled by certain 
chemical means, (which I cannot well explain to you at present,]^ 
to five or six degrees below the freezing point, as you will find in- 
dicated by the thermometer which is placed in it. We shall expose 
ijt to the heat of a lamp, and you will see the thermometer gradual- 
ly rise, till it reaches the freezing point. 
' J^/m7y. But there it stops, Mrs. B. , and yet the lamp bums just as 
well as before. Why is not it^ heat communicated to the thermo- 
neter? 

Caroline. And the snow begins to melt ; therefore it must be li- 
ving above the freezing point. 

Mrs. B. The heat no longer affects the thermometer, because it 
is wholly employed in converting the ice into water. As the ic© 
melts, ue caloric becomes latent in the new formed liquid, and 
therefore cannot raise its temperature ; and the thermometer will 
consequently remain stationary, till the whole of the ice be melted. 

Caroline. * Because the conversion of the ice into water being 
completed, theealoric no longer becomes latent^ and therefore the 
heat which the water now receives raises its temperature, as yoa 
find the thermometer indicates.. 

Emify. But I do not think that 'the thermometer rises so quickly 
in the water as it did in the ice, previous to its beginning to melt 
tiiough the lamp burns equally well. 

303. What is the consequence if latent and specific heat aze eztii- 
oated from the body in which they 9je imprisoned ? 

304. What is the difference between specific heat and latent heat ? 

305. By what name is it thought they may botii be called .' 

306a. Why does not the thermometer rise in a warm room wheft 
It8 bulb is in a piece of ice ? 

306. In what experiment may be seen the existence of latent heat? 

307. Why does the thermometer begin to rise as sooa as the ice oi 
mltcd? 



Mn, B. That is owing to the difierent specific heat of ice and 
water. The capacity of water for caloric being greater than that 
of ice, more heat is^required to raise its temperature, and thereftre 
the thermometer rises slower in the water than it did in the ice. 

Emily. True ; you said that a solid body always increased its ear 
paeity for heat by becoming fluid, and this is an mstance of it. 

Mrs, B, Yes^ and the latent heat is that which is absorbed in 
consequence of the greater capacity which the water has for heat^ 
in comparison to ice. 

I must now tell you a curious calculation founded on that eonn- 
deration. I have before observed to you that though the thermo- 
meter shows us the comparative warmth of bodies, and enables us 
to determine the same point at difierent times and places, it gives 
us no idea of the absolute quantity of heat in any body. We cannot 
tell how low it ought to fall by the privation oi all heat, but an at- 
tempt has been made to infer it in the following manner. It has 
been- found by experiment, that the capacity of water for heat» 
when compared with that of ice, is as 10 to 9 ; so that, at the same 
temperature, ice contains one tenth of calorie less than water. By 
experiment, also, it is observed, that in order to melt ice, there must 
be added to it as much heat as would, if it did not melt it, raise its 
temperature 140 degrees.* This quantity of heat is, therefore, ab- 
sorbed, when the ice, by being converted into water, is made to 
contain one ninth more caloric than it did before. Therefore 140 
de^es is a ninth part of the heat contained in ice at 30 degrees ; 
and the point of zero, or -the absolute privation of heat, must conse** 
quently be 1260 degrees, below 32 degrees, f 

This mode of investigating so curious a question is ingenious, but 
its correctness is not yet established by similar calculations for other 
foodies. The points of absolute cold, indicated by this method in var 
rious bodies, are very remote from each other ; it is however, possi- 
ble, that this may arise from some imperfection in the experiments. 

Caroline, It is indeed very ingenious — ^but we must now attend 
to our present experiment,. The water begins to boil, and the ther- 
mometer \a again stationary. 

Mrs. B. Well, Caroline, it is your turn to explain the phenome^ 
Aon. 



*That is, water contains 140 degrees of heat more than is indica- 
ted by the thermometer. — C. 

t This calculation vras made hy Dr. Irvine. Dr. Crawford af- 
terwards placed the real zero at 1500 degrees below the of Fah- 
renheit. Still later, Mr. Daltou has turned his attention to the 
same subject. The mean of his experiment places the real zero 
6000 degrees below the freezing point. All this goes to show that 
very UtUe has yet been demonstrated on this difficult question. — C« 

■ „ ■ ..I ■ I 

906. Why does the thermometer lise slower in the water than it did 
in the ice ^ 

309. Since a thermometer does not indicate the absolute qaantity 
of caloric contained in any body, what is its use ? 

310. How much latent heat aoe» watec contain ? 

311. How much heat must be added to iee in order to melt it? 

812. What was proposedhyPr Cruvffsrd, and hy Dr. ValUm^as ta 
Jaamg Ae real xsraf 
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Caroline. It is wonderfuny ctirioiis ! The caloric is now bosy in 
changins^ the water into steam, in which it hides itself, and becomes 
insensible. This is another example of latent heat, producing a 
change of form. At first it converted a solid body into a liquid, 
and now it turns the liquid into vapor ! 

Mrs. B. You see, my dear, how easily you have become acquaint- 
ed with these modifications of insensible heat, which at first ap- 
peared so unintelligible. If now, we were to reverse these chan- 
ges, and condense the vapor into water, and the water into ice, 
uie latent heat would re-appear entirely, in the form of free caloric. 

EmUy. Pray do let us see the effect of latent heat leturning to 
its free state. 

Mrs. B. For the purpose of showing this, we need simply con- 
duct the vapor through this tube into this vessel of cold water, 
where it will part with its latent heat and return to its liquid form. 

JBmify. How rapidly the steam heats the water ! 

Mrs. B. That is because it does not merely impart its free caloric 
to the water, but likewise its latent heat. This method of heating 
liquids has been turned to advantage, in several economical esta^ 
lishments. The steam kitchens, which are getting in such gene- 
ral use, are upon the same principle. The steam is conveyed through 
a pipe in a smiilar manner, into the several vessels which contain 
the provisions to be dressed, where it communicates to them its la- 
tent caloric, and returns to a state of water. Count Rumford 
makes great use of this principle -in many of his fire-places : his 
grand maxim is to avoid all unnecessary waste of caloric, for which 
purpose he confines the heat in such a manner, that not a particle of 
It shall unnecessarily escape ; and while be economizes the free ca- 
loric, he takes care also to turn the latent heat to advantage. It is 
thus that he is enabled to produce a degree of heat superior to that 
which is obtained in common fire-places, though he employs less fueL 

Emtfy. When the advantages of such contrivances are so clear 
and plain, I cannot understand why they are not universaUy used. 

Mrs. B. A long time is always required before innovations, how- 
ever useful, can be reconciled with the prejudices of the vulgar. 
- EimJy. What a pity it is that there should be a prejudice against 
new inventions ; how much more rapidly the world would improve 
if such useful discoveries were immediately and universally adopted ! 

Mrs. B. I believe, mv dear, that there are as many novelties at- 
tempted to be introduced,, the aidoption of which would be prejudi- 
cial to society, as there are of those which would be beneficial to it. 
The well-informed, though by no means exempt from error, have an 
unquestionable advantage over the illiterate, in judging what is like- 
ly or not to prove serviceable ; and therefore we find the former 
more ready to adopt such discoveries as promise to be really advan- 
- tageous than the latter, who, having no other test of the value of a 
novelty but time and experience, at first oppose its introduction.— 

W 

\ 313. What is that heat called which produces a change of form in 
bodies.' 

314. How may latent heat be converted Into free caloric ? 

315. In what experiment may be seen the eflTect of latent heat i«- 
tuming to its free state ? 

316. What is the advantage of Count Rumford's improved fire-pla 
1? 
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The well informed, however, sire frequently disappointed in their 
most sanguine expectations, and the prejudices of the vulgar, 
^ough they often retard the progress of knowledge, yet sometimes, 
it must be admitted, prevent the propagation of error. — ^But we are 
deviating from our subject. 

We have converted steahi into water, and are now to change war 
ter into ice, in order to render the latent heat sensible, as it escapen 
from the water on its becoming solid. For this purpose we must 
produce a degree of cold that will make water freeze. 

Caroline, That must be very difficult to accomplish in this warm 
room. 

Mrs. B, Not 80 much as you think. There are certain chemical 
mixtures which produce a rapid change from the soHd to the fluid 
state, or the reverse, in the substances combined, in consequence 
of which change, latent heat is either extricated or absorbed. 

Emily ^ 1 do not quite understand you. 

Mrs, B, This snow and salt which you see me mix together, are 
mehin? rapidly ; heat, therefore must be absorbed by the mixture 
and cold produced. 

CaroUne, It feels even colder than ice, and yet the snow is melt- 
ing. This is very extraordinary. 

Mrs, B. The cause of the intense cold of the mixture is to be at- 
tributed to the change of a solid to a fluid state. The union of the 
snow and salt produces a new arrangement of their particles, in 
conseqiience of which they become liquid ; and the quantity of car 
loric required to effect this change, is seized upon by the mixture 
whenever it can be obtained. This eagerness of the mixture for 
caloric, during its liquefaction, is such that it converts part of its 
own free caloric into latent heat, and it is thus that the temperature 
is lowered. 

EmUy, Whatever you put in this mixture, therefore, would 
Ireeze! 

Mrs, B, Yes ; at least any fluid that is susceptible of freezing at 
that temperature. I have prepared this mixture of salt and snow 
tor the purpose of freezing the water from which you are desirous 
of seeing the latent heat escape. I have put a thermometer in the 
glass of water that is to be frozen, in order that you may see how it 
cools. 

CaroUne, The thermometer descends, but the heat which the wan 
ter is now losing is its free not its latent heat. 

Mrs. B, Certainly; it does not part with its latent heat till it 
changes its state and is converted into ice. 

Eindhf, But here is a very extraordinary circumstance! The 
thermometer has fallen below the freezing point, and yet the water 
is not frozen.* 



• To make this experiment striking, the glass containing the wa- 
ter and thermometer ought to be kept perfectly still until the mer- 
eury sinks below the freezing point. Then agitate the water, or 

^ 3t7. How is latent heat rendered sensible } 

\ 318. How can water be made to freeze in a warm room^ 

319. Why is a mixture of snow and salt so intensely eold** 

880. When does water part with its latent heat? 



1 
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Hiri, B. That ia always the case previotis to the freezing of 
ter when it is in a state of rest. Now it begins to congeal and yoa 
may ohserre that the thermometer again rises to the freezing point. 

Caroline. It appears to me very strange that the thermometer 
should rise the very moment that the water freezes ; for it seems to 
imply that the water was colder before it froze than when in the act 
of freezing. 

Mrs, B, It is so ; and after bur long dissertation on this circumr- 
stance, I did not think it would appear so surprising to you. Re- 
flect a little, and I think you will discover the reason of it. 

Caroline. It must be, no doubt, the extraction of latent heat, al 
' the instant the water freezes, which raises the temperature. 

Mrs. B. Certainly ; and if you now examine the thermometer, 
you will find that its rise was but temporary, and lasted only da- 
rins the disengagement of the latent heat — now that all the water 
is frozen, it falls again, and will continue to fall, till the ice and 
mixture are all of an equal temperature. 

Emily. And can you show us any jexperiments, in which liquidB, 
by being mixed, become solid and disengage latent heat ? 

Mrs. B. I could show you several, but you are not yet sufficiently 
advanced to understand tliem well. I shall, however, try one, which 
will afford you a striking instance of the fact. The fluid w^hich you 
oee in this phial, consists of a quantity of a certain salt called muriat 
of Ume, dissolved in water. Now, if I pour into it a few drops of 
this other fluid, called sulphuric acid, the whole, or very nearly the 
whole, will be instantaneously converted into a solid mass. 

Emily. How white it turns ! I feel the latent heat escaping ; for 
the bottle is warm, and the fluid is changed to a solid white sub- 
stance, like chalk ! * 

Caroline. This is, indeed, the most curious experiment we have 
seen yet. But pray what is that white vapor which ascends from 
the mixture ? 

Mrs. B. You are not yet enough of a chemist to understand that. 
But take care, Caroline, do not approach too near it, for it has a 
very pungent smell. 

1 snail show you another instance T^milar to that of the water, 
which you observed to become warmer as it froze. I have in this 
phial a solution ^f a salt called sulphat of soda, or Glauber^s salt, 
made very strong, and corked up when it was hot, and kept without 

drop into it a small piece of ice, and it instantly shoots into crystals, 
and the thermometer rises. — ^C. 

* The sulphuric acid, by its stronger afllnity for the lime, takes it 
from the muriatic acid, unites with it, and forms sulphate of lime. 
The solidity is owing to the insolubility of this last suostance in wa- 
ter. The experiment succeeds well, if the water is saturated with 
the muriate.---C. 

I 321 . Why does water become colder before freezing than it ia in the 

[ act of freezing ? 

322. What example can you give of liquids becoming solid, by bein^ 
' mixed, and disengaging latent heat.' 

I, 323. Ifotois this effect accounted for, in the note f 

324. What othnr mstance of the extrication of latent heat is g^ven, 
I and how is it produced ? 



ttftatkm, till it became cold, as yoa may feel the pbkd is. Nov 
when I take out the cork, and let the air fall upon it, (for being 
closed when boiling, there was a vacuum in the upper part,) ob- 
serre that the salt will suddenly crystallize. 

Caroline. Surprising ! how beautifully the needles of salt hafe 
diet through the whole phial ! 

Mrs, B, Yes, it is very remarkable ; but pray do not forget thi 
object of the experiment. Fed how warm the phial has become 
by the conversion of part of the Hquid into a solid. 

Emity, Quite warm, I declare ; this is a most curious experiment 
of the disengagement of latent heat. 

Mrs. B. The slaking of lime is another remarkable instance of 
the extrication of latent heat. Have you nerer observed how 
quick-lime smokes, when water is poured upon it, and how mudk 
heat it produces ? 

Cctroline. Yes; but I do not understand what change of state 
takes place in the lime that occasions its giving out latent heat : fbr 
the quick-lime, when it is solid, is (if I recollect right,) reduced to 
powder by this operation, and is, therefore, rather expanded than 
condensed. 

J\fr5. B. It is from the water, not the lime, that the latent heat is 
set free. The water incorporates with, and becomes solid in the 
lime ; in consequence of which the heat which kept it in a liqtiid 
state is disengaged, and escapes in a sensible form. 

Caroline. I always thought that the heat originated in the lime. 
It seems very strange that water, and cold water, too, should coo^ 
tain so much heat. 

Emily. After this extrication of caloric, the water must exist in 
a state of ice in the lime, since it parts with the heat which kept it 
liquid. 

Mrs. B. It cannot properly be called ice, since ice implies a 
degree of cold at least equal to the freezing point. Yet, as water, 
in combining with lime, gives out more neat than in freezing, it 
must be in a state of still greater solidity in the lime than it is in tho 
iorok of ice ; and you may have observed that it does not moisten or 
liquefy the lime in the smallest degree. 

EmUu. But, Mrs. B. the smoke that rises is white ; if it was only 
pore caloric which escaped, we might feel, but could not see it. 

Mrs. B. This white vapor is formed by some of the particles of 
lime in a state of fine dust, which are carried off by the caloric. 

Mnify. In all changes of state, then, a body either absorbs or 
diaengages latent heat. 

Mrs. B. You cannot exactly say absorbs latent heaty as the heat 
becomes latent only on being confined in the body : but you may 
say, generally, that bodies in passing from a solid to a liquid form, 
or from the liquid state to that of vapor, absorb heat : and that 
wboB the reverse takes place heat is disengaged.^ 

*This rule, if not uniTeraal, admits of very few exceptions. 

3B5. What other instance is mentioned of the extrication of latent 
heat? 

\ aK. Whenoe proeeeds the heat in the skiing of lime? 
.\ ^97. Why is the smoke that rises m the slakmg of linS| whifesl 

aas. When do bodies absorb heat? 

When is heat disengsged? 
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Emify. We can now, I tliink, aocomit for the ether hoiUng, and 
the water free^^ng in vacuo, at the same temperatipre.* 

Mrs. B. Let me hear how you explain it ? 

Emily, The latent heat which the water gave out in freeaang, 
was immediately absorbed by the ether, during its conversion into 
Taper; and therefore from a latent state in one liquid, it passes 
into a latent state in the other. 

Mrs, B, But this only partly accounts for the result of the ex 
periment ; it remains to be explained why the temperature of the 
e^er, while in a state of ebullition, is brought down to the freezing 
temperature of water. It is because the ether, during its evapora- 
tion, reduces its own temperature, in the same proportion as that 
of the water by converting its free caloric into latent heat ; sd that 
though one liquid boils, and another freezes, their temperatures 
remam in a state of equilibrium. 

Emib/, But why does not water, as well as ether, reduce its own 
temperature by evaporating ? 

Mrs. B. The fact is, that it does, though much less rapidly than 
ether. Thus, for instance, you may oflen have observed, in the heat 
of summer, how much any particular spot may be cooled by water- 
ing, though the water used for that purpose be as warm as the air 
itself. Indeed so much cold may be produced by the mere evapora- 
tion of water, that the inhabitants of India, by availing themselves 
of the most favorable circumstances for this process which their 
warm climate can afford, namely the cool of the night, and situations 
most exposed to the night breeze, succeed in causing water to freeze 
though the temperature of the air be as high as 60 degrees. The 
water is put into shallow earthen trap, so as to expose an extensive 
surface to the process of evaporation, and in the morning, the water 
is found covered with a thin cake of ice, which is collected in suffi- 
cient quantity to be used for purposes of luxury. * 

Caroline. How delicious it must be to drink liquids so cold in 
these tropical climates! But, Mrs. B., could we not try that ex- 
periment ? 

Mrs. B. If we were in the country, I have no doubt but that we 
should be able to freeze water, by the same means, and under simi- 
lar circumstances. But we can do it immediately, upon a small 
scale, in this very room^ in which the thermometer stands at 70 de- 
grees. For this purpofe we need only place some water in a nttle 
cup under the receiver of the air pump, Fig. 8, and eidiaost the air 
from it. What will be the consequence, Caroline ? 

Caroline. Of course the water will evaporate more quickly, since 
there will no longer be an atmospheric pressure on its surface ; but 
will this be sufficient to make the water freeze ? 

Mrs. B. Probably not, because the vapor wiU not be carried off 

* See page 65. 

829. Why does water freeze and ether boil in vacuo ? 

330. Why does the ground become cooled by watering in smnmery 
though the water used be as warm as the air itself? 

331. How is ice often produced in India, where the tempeiatiire is 
not below 60 degrees ? 

332. How is water made to fieezs under a glass receiver, as iUi 
tiatedija6gafe6? 
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dose, the bulb m ibis little bag of fine flannel, (Fig. 1,) then soak 
it in edier, and introduce it into the receiver of the air pump, (Fig. 
3.) For this purpose we shall find it more convenient to use a cryo- 
phorus of this shape, (Fig. 2,) as its elongated bulb passes eanly 
tfarongh a brass plate which closes the top of the receiver. If we 
now exhaust the receiver quickly, you will see in less than a minute, 
the water freeze in the other bulb out of the receiver. 

Mmfy. The bulb already looks quite dim, and small drops of 
water are condensing on- its surface. 

Caroline, And now crystals of ice shoot all over the water. 
This is indeed 3. very curious experiment ! 

Mrs. B. You will see, some other day, that, by* similar method, 
.even quicksilver may be frozen. But we cannot at present indulge 
in any further digression. 

Having advanced so far on the subject ^f heat, I may now give 
yoa an account of the calorimeter, an instrument invented bj 
Lavoisier, upon the principles just explained, for the purpose of 
estimating the specific heat of bodies. It consists of a vessel, the 
inner surface of which is lined with ice, so as to form a sort of 
hollow globe of ice, in the midst of which the body, whose specific 
heat is to be ascertained, is placed. The ice absorbs caloric from 
this body, till it has brought it down to the freezing point; this 
caloric converts into water a certain portion of ice which runs out 
through an aperture at the bottom of the machine ; and the quantity 
of ice changed to water, is a test of the quantity^ of caloric which 
the body has given out in descending from a certain temperature to 
the freezing point. • 

Caroline. In this apparatus, I suppose, the milk, chalk, and lead, 
would melt different quantities of ice, in proportion to their differ^ 
ent capad^ties for caloric. 

Mrs. B. Certainly ; and thence we are able to ascertain, with 
precision, their respective capacities for heat. But the calorimeter 
afibrds us no -more idea of the absolute quantity of heat contained 
in a body, than the thermometer ; for though by means of it we 
extricate both the free and combined caloric, yet we extricate them - 
only to a certain degree, which is the freezing point ; and we 
know not how much they contain of either below that point. 

Emily. According to the theory of latent heat, it appears to me 
that the weather should be warm when it freezes, and cold in a thaw ; 
for latent heat is liberated from every substance that it freezes, and 
such a large supply of heat must warm the atmosphere ; whilst du- 
ring^a thaw, that very quantity of free heat must be taken from the 
atmosphere and return to a latent state in the bodies )vhich it thaws. 

Mrs. B. Your observation is very natural ; but consider that in 
a frost the atmosphere is so much colder than the earth, that all the 
caloric which it takes from the freezTng bodies is insufiicient to raise 
its temperature above the freezing point ; otherwise the frost must 
cease. But if the quantity of latent heat extricated does not destroy 
the frost, it serves to moderate the suddenness of the change of 

338. Can quicksilver be frozen ? 

339. What is the calorimeter, and what is its use ? 

340. Of what does it consist ? 

341. Does the calorimeter indicate the absolute quantity of heat 
eontained in a body ? 

342. What effect is produced on the temperature of the atmosphen 
by the attraction of latent heat from the winter frosts f 
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temperature «f the atmoeplieTe, at the commencement both of froti 
and of a thaw. In the first instance, its extrication diminishes the 
•eyerity of the cold ; and in the latter, its absorption moderates the 
warmth occasioned by a thaw ; it eyen sometimes produces ^ 
discernible chill, at the breaking up of frost. 

Caroline. But what are the general causes that produce thoee 
sudden changes in the weather, especially firom hot to cold, whick 
we often experience ? 

Mrs. B. This question would lead us into meteorological discos^ 
nons, to which I am by no means conn>etent. One circumstance, 
however, we can easily understand. When the air has passed oyer 
cold countries, it will probably arriye here at the temperature much 
below our own, and then it must absorb heat from every object it 
meets with, which will produce a general fall of temperature. 

Caroline. But pray, now that we know so much of the effects of 
heat, will you inform us whether it is really a distinct body, or, aa 
I have heard, a peculiar kind of nation produced in bodies? 

Mrs. B. As I have before told you, there is yet much uncertain' 
ty as to the nature of these subtle agents. But I am inclined to 
eonsider heat not as a mere motion, but as a separate substance. Iiate 
experiments, too, appear to make it a compound body, consisting* 
ef the two electricities ; and in our next conversation I shall infomk 
you of the principal facts upon which that opinion is founded. 



CONVERSATION V. 

ON THE CHEMICAL AGENCIES OF ELECTaiGITT.* 

Mrs. B. Before we proceed further, it will be necessary to give 
you some account of certain properties of electricity, which have 
ef late years been discovered to have an essential connexion with 
the phenomena of chemistry. 

Caroline. It is electricity, if I recollect right, wliich comes 
next in our list of simple substances ? 

Mrs. B. I have placed electricity in that list, rather from the ne- 
cessity of classing it somewhere, than from any conviction that it ha» 
a right to that situation; for we are as yet so ignorant of its intimate 
nature, that we are unable to determine, not only whether it is sim- 
ple or compound, but whether it is in fact a material agent ; or aa 
Sir H. Davy has hinted, whether it may not be merely a property 
inherent in matter. As, however, it is necessary to adopt some 
hypothesis for the explanation of the discoveries which this ageat 
has enabled us to make, I have chosen the opinion, at present inoet 

Srevalent, which supposes the exislence of two kinds of electricity , 
istinguished by the name of positive and negative electricity. 

*The electricity extracted by the metals is commonly caJlec 

Galvanism. 

>.i .1, . . ■■■■' -■■* 

• 343. What is heat now supposed to be ? 
* 344. What subject is to be considered in this conyersatiitti ? 

345. What are the uncertainties as to the nature of electricity "^ 

346. How many kinds of electricity are there i 

347. What are they called i 
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Cktraline. Well, I most confess, I do not feel nearly so inteiosted 
in a science in which so much uncertainty prevails as in those 
which rest upon established principles. I never was fond of eleo- 
tricity, because, however beautiful and curious the phenomena it 
exhibits may be, the theories, by which they were explained, ap- 
peared to me 60 various, so obscure and inadequate, that I always 
xemained dissatisfied. I was in hopes that the new discoveries in 
electricity had thrown so great a hght on the subject, that every^ 
thinff respecting it would now have been clearly explained. 

Jdrs. B. That is a point which we are yet far from having at- 
tained. But, in spite of the imperfection of our theories, you will 
be amply repaid by the importance and novelty of the subject. . The 
number of new facts which have already been ascertained, and the 
immense prospect of discovery which has lately been opened to us, 
wiU, I hope, ultimately lead to a perfect elucidation of this branch 
of natoral science; but at present you. must be contented witii 
studying the^ effects, and in some degree explaining the phenomena^ 
without aspiring to a precise knowledge of the remote cause oi 
electricity. 

You have already obtained some notions of electricity; in our 
present conversation, therefore, I shaU confine myself to that part 
of the science which is of late discovery, and is more particularly 
connected with chemistry. 

It was a trifling and accidental circumstance which first gave rise 
to this new branch of physical science. Galvani, a professor of 
natural philosophy at Bologna, being engaged (about 20 years ago) 
in some experiments on muscular irritability, observed that when a 

Siece of metal was laid on the nerve of a frog recently dead, whilst 
le limb supplied by that nerve rested upon some other metal, the 
limb suddenly movea, on a communication being made between the 
two pieces of metal. 

Emily, How is this communication made ? 

Mrs, B- Either by bringrioff the two metals into contact, or by 
connecting them by means of a metallic conductor. But without 
subjecting a firog to any cruel experiments, I can easily make you 
sensible of this kind of electric action^ Here is a piece of zme, 
(one of the metals I mentioned in the list of elementary bodies)— '• 
put it uTtder your tongue, and this piece of silver upon your tongue, 
and let both the metals project a little beyond the tip of the tongue 
—very well ; now make the projecting parts of the metals touch 
each other, and you will instantly perceive a peculiar sensation. 

Emihf, Indeed I did; a singular taste, and I think a degree of. 
heat ; but I can hardly describe it. 

Mrs, B, The action of these two pieces of metal on the tongue 
is, I believe, precisely similar to that made bn the nerve of a froff. 
I shall not detain you by a detailed account of the theory by whi^ 
Gralvani attempted to explain this fact, as it was soon overturned 
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348. What is the difference hetieeen electricity and Galvanism f 

349. From whom did Galvanism derive its name ? 

350. What gave rise to the branch of physical science called Gal- 
vanism.^ 

851. What simple experiment is mentioned, that can be made upon 
^ the tongue to illnstiate this sobjoct ? 



Hy 8ttbfle(iueBt experiments, which proved that Qahamsm (the 
^is new power had obtained) was nothing more than cdectrimtr* 
Cralvani supposed that the virtue of this new agent resided in the 
nerves of tJie frog ; but Volta, who prosecuted this subject vrith 
much greater success, showed that the phenomena did not depend 
on the organs of the frog, but upon the ^ectrical agency of tiie 
metals, which is excited by the moisture of the animal, the organs 
of the frog being only a delicate test of the presence of ^CMCtrkr 
influence. 

Caroline, I suppose, then, the sahva of the mouth answers the 
same purpose as the moisture of a frog, in exciting the eleotriet^ 
df the pieces of silver and zinc, with which Emily tried the expen* 
nent on her tongue ? 

Mrs, B. Precisely, ft does appear, however, necessary that 
the fluid used for this purpose shouki be of animal nature. Water^ 
and acids very much diluted by water, are found to be the most ef- 
fectual in promoting the developement of electricity in metals ; and 
aoeordingly the original apparatus which Volta first constructed for 
this purpose consisted of a pile or succession of plates of zinc and 
eopper, each pair of which was connected by pieces of cloth or par 
per impregnated with water ; and this instrument, from its original 
mconvenient. structure and limited strength, has gradually arrived 
at its present state of power and improvem^it, such as exhibited in 
the Voltaic battery, in this apparatus, a specimen of which you. 



Fig. 11. 
Voltaic Battery. 




see before you, 
the plates of zinc 
and copper are 
soldered together 
in pairs, each 
pair being plaeed 
tl regular aistan- 
•es In wooden^ 
troughs and the 
interstices being 
filled with fluid. 

Caroline, Though you will not aHow us to "inquire into the pre^ 
else cause of electricity, may we not ask in what manner the fluid 
acts on the metab so as to produce it ? 

Mrs, B, The action of the fluid on tho metals, whether water or 
acid be used, is entirely of a chemical nature. But whether elec- 
tricity is excited by this chendcal action, or whether it is produced 
by the contact of the two metals, k a point upon which philosophers^ 
do not yet perfectly agree. 

Emiiy. But can the mere contact of two metals, without any in- 
tervening fluid, ]>roduce electricity? 

Mrs, B. Yes, if they are afterwards separated. It is an establish- 

' 352. How did Galvani account for the moving of the limb on a 
fommunicatioA being made between the two metals ? 

353. What was the true cause of it ? 

354. What metals are used in the production of Galvanic action ^ 

355. Which figure represents a Voltaic battery ? 

356. Can galvanism be produced without water 2 



•d ftety that wfa^n two metik are put in eoAtaet, and aftenmds 

fiepazatod, that which has the strongest attraction for oxygen ex- 
hibits si^^ of positive, the other of negative electricity. 

Carohne, It seems, then, bat reasonable to infer that the power 
of the Voltaic battery should arise from the contact of the plates of 
Bine and copper. 

M*j. B. It is upon this prindple that Yolta and Sir H. Davy 
explain the phenomena of the pile ; but notwithstanding these two 
great authorities, many philosophers entertain doubts of the truth 
of this theory. The chief difficulty which occurs in explaining the 
phenofmena of the y<^taic battery on this principle, is that two such 
plates i^ow no signs of different states of electricity whilst in eon* 
tact,' bat only on oeing separated after contact. Now, in the Yc^ 
taie battery, those j^ates ^at are in contact, always continue so, 
being soldered together; and they cannot, there&re, receive a suo« 
eession of charges. Be^des, if we consider the mere disturbance 
of the balance of electricity by the contact of the plates, as the sole 
caese of the production of Ydtaic electricity, it remains to be 
explained how this disturbed balance becomes an inexhaustible 
source of electrical energy, capable of pouring forth a constant and 
oopious supply of electrical fluid, though without any means of 
replenishing itself from other sources. This subject -it must be 
owned, is involved in too much obscurity to enable us to speak very 
decidedly in fayor of any theory. But m order to avoid perplexing 
you with difierent explanations, I shall confine myself to one which 
appears to me to be least encumbered with difficulties, and most 
likely to accord with truth.* 

This theory supposes the electricity to be excited by the chemi- 
cal action of the acid on the zinc ; but you are yet such novices in 
chemistry, that I think it will be necessary to give you some previ- 
oos explanation of the nature of this action. 

All metals have a strong attraction for oxygen ; and this element 
18 found in great abundance, both in water and in acids. The 
action of the diluted acid on the zinc consists, therefore, in its 
oxygen combining with it, and dissolving its surface. 

Qirohne. In the same manner, I suppose, as we saw an acid dis- 
solve copper. 

Mrs. j5. Yes ; but in the Yoltaic battery, the diluted acid is not 

strong enough to produce so complete an effect ; it acts only on the 

• .. ■■ 

* This mode of explaining the phenomena of the Yoltaic pile ia 
called the chemical theory of electricity, because it ascribes the 
cause of these phenomena to certain chemical changes which take 
place during their appearance. The mode which is here sketched 
was long since suggested by Dr. Bostock, who has lately, (1818) 
published "An account of the History and present state of Galvan- 
ma;** which contains a filler and more complete statement of his 
opinions and those of other writers on the subject, than aay of his 
former papers. 

357. What estabUahed fact in galvanic experiments is mentioned ? 

358. What two chemists have explained the phenomena of the Vol- 
laic- battery, as proceeding solely from the contact of the two metals? 

959. Fox what have all metals strong attraction? 



•nrfaoe Y>f th^ junc, to which it yields its oxygen, formiiig upon it • 
film or cruet, which is a compound of the oxygen and the metal. 

Enufy, Since there is so strong a chemical attraction betweea 
oxyffen and metals, I suppose they are naturally in different states 
of electricity. 

Mrs, B. Yes ; it appears that all metals are united with the 
positive, and that oxygen is the grand source of the negative eleo- 
tricity. 

CaroHne, Does not, then, the acid act on the plates of copper, 
as well as on those of zinc ? * 

Mrs. B, No ; for though copper has an affinity for oxygen, it is 
less strong than that of zmc ; and therefore the energy of the add 
is only exerted upon the zinc. 

It will be best, I believe, in order to render the action of the 
Voltaic battery more intellicible, to confine our attention at first to 
the effect produced on two plates only. (Fig. 12.) 

If a plate of zinc be placed opposite to one of copper, or Fig. 13. 
any other metal less attractive of oxygen, and the space Voiule 
between them (suppose of half an inch in thickness,) be B*ttoiy. 
filled with an acid or any flufd capable of oxidating the ^ 
zinc, the oxydated surface will have its capacity for elec- 
tricity diminished, so that a quantity of electricity will be 
evolved from that surface. This electricity will be received 
by the contiguous fluid, by which it will be transmitted 
to the opposite metallic surface, the copper, which is not 
oxydated, and is therefore disposed to receive it ; so that 
the copper plate will thus become positive, whilst the zinc 
plate will be in the negative state. 

This evolution of electrical fluid, however, will be very_ 
limited ; for as these two plates admit of but very little' 
accumulation of electricity, and are supposed to have no commu- 
nication with other bodies, the action of the acid, and further 
developement of electricity, will be immediately stopped. 

Enufy. This action, I suppose, can no more continue, than thai 
of a common electrical machine, which is not allowed to communi* 
cate with other bodies ? 

Mrs. B. Precisely; the common electrical machine when ex- 
cited by the friction of the rubber gives out both the positive and 
negative electricities. (Fig. 13.) The positive, by the rotation of the 
gl^ cylinder, is conveyed into the conductor, whilst the negative 

goes into the rubber. But unless th^re is a communication made 
Btween the rubber and the ground, a very inconsiderable quantity 

* The acid acts upon the copper, but not so strongly to on the 
zinc. Any two metals, one of which has a stronger attraction for 
oxygen than the other, will form the galvanic series. — C. 

360. What is the grand source of negative electricity .** 

361. Why in the Voltaic battery is the energy of the action exerted 
onlyupon the zinc ? 

%2. How would you explain the principle of the Voltaic battery by 




Fig. 12 ? 

.^ 363. How would you describe the mode of collecting electricity In 
the common electrical machine ? 
364 Why must the rubber be connected with the ground > 



•f electricity can be excited ; fox &e rubber, Mke the pktes of the 
oatteiy, has too small a oapacity to admit of an accumulation of 
electricity. Unless, therefore, the electricity can pass oat of the' 
rubber, it will not continue to go into it, and consequently, no ad- 
ditional accumulations will take place. Now, as one kind of elec- 
tricity cannot ie ^iven out without the other, the deyelopement of 
the positive electricity is stopped as well as that of the negative, and 
the conductor, therelore, cannot receive a succession of charges. 

Fig. 13. Electrical Machine. 




Fig. 13. A th« Cylinder. B tbe Conductor. R tbe Rabbar. C tbe Chida. 

CaroHTie, But does not the conductor, as well as the rubber^ 
require a communication with the earth, in order to get rid of its 
electricity ? 

Afrs. Ji. No ; for it is susceptible of receiving and containing a 
considerable quantity of electricity, as it is much larger than the 
rubber, and therefore has a greater capacity ; and this continued 
accumulation of electricity in the conductor, is what is called a 
charge. 

IhtUy. But when an electrical machine is furnished with two 
conductors to receive the two electricities, I suppose no communis 
eation with the earth is required ? 

Mrs. B. Certainly not, until the two are fully charged ; for the 
two conductors will receive equal quantities of electricity. 

Caroline, I thought the use of the chain had been to convey th^ 
electricity from the ground into the machine. 

Mrs, B. That was the idea of Dr. Franklin, who supposed that 
there was but one kind of electricity, and who by the terms posi- 

^ 365. What is called a charge, in the use of the common eiectrieal 
machine ? 
366. What was Dr. FrankUn's opinion concerning electricity ? 
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tiTd uid negatiye (wbic^ he first introdaced,) meant onl^ difl^nt 
quantities of the same kind of electricity * The chain ^as in that 
ease supposed to convey electricity frmn the ground through tho 
^hber into the conductor. But as we have adopted the hypothesis 
of two electricities we must consider the chain as a Tehicle to con^ 
dnct the negative electricity into the earth. 

Earmhf, And are both kinds produced whenever electricity n 
excited ? 

Mrs, J9. Yes, invariably. If you rub a tube of glass with a wool- 
len cloth, the glass becomes positive, and the cloth negative.f If 
on the contrary you excite a stick of seaUng wax by the same means, 
it is the rubber which becomes positive, and the wax negative. 

But with regard to the Voltaic battery, in order that the acid may 
act freely on the zinc, and the two electricities be given out without 
interruption, some method must be devised, by which the plates 
may part with their electricities as fast as they receive them. Can 
you tnink of any means by which this might be effected ? 

Emily. Would not two chains or wires suspended from either 
place to the ground, conduct the electricities into the earth, and 
thus answer the purpose ? 

Mrs. B. It would answer the purpose of carrying off the electri- 
city, I adimt, but recollect, that though it is necesssryto find a vent 
for the electricity, yet we must not lose it, since it is the power we 
are endeavoring to obtain.' Instead, therefore, of conducting it into 
the ground, let us make the wires from either plate meet ; the two 
electricities will thus be brought together, and will combine and 
neutralize each other ; and as long as mis communication continues, 
the two plates having a vent for their respective electricities, the 
action of the acid will go on freely and uninterruptedly. 

Emily. That is very clear, so far as two plates only are concerned; 
but I cannot say I understand how the energy of the succession of 
plates, or rather, pairs of plates, of which the Galvanic trough ia 
composed, is propagated and accumulated throughout a battery. 

* The idea of Dr. Franklin was, that the positive state consisted 
in the presence, or accumulation of the electric fluid, and that the 
negative Vas merely its absence or diminution. Hence the terms 
used by him to indicate these states were positive and negative. In 
this chapter, Mrs. B. has used these terms of the Amencan Philo> 
eoj^er improperly, for plvs and mintu were never meant to signify 
two sorts of electricity, but only its presence or absence. Where 
authors have adopted Dufay's theory of two electricitied, they have 
used the term vitreous and resincms. — C. 

f Most probably, because the glass takes the electric fluid from 
the cloth. Indeed we conceive there is about the same reason fox 
believing that the negative state is the absence of the electric fluid, 
as there is for believing that cold is the absence of heat. — C. 

367. What is the use of the chain in the common electrical machine ? 

368. Are negative and positive electricities always produced, when 
electricity is excited ? 

^ 369. What is necessary in the Voltaic battery, that the two electrici- 
ties be ffiven out without interruption ? 
370. In what manner do two pieces of wire produce this effect? 
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for tin kest of the electric spark is considerably more mtenae 
dHM^ confined to a very minute spot, than any heat we can pro-, 
doee by other means. 

Mnify, Is it quite certain that the electridty of the Voltaic batterr 
is precisely of the same nature as that of the common electrical 
machine ! 

Mrs. B. tJndoiibtedly \ the shock given to the human body, tha 

Spaik, the circumstance of the same substances which are con- 
uctors of the one, being sdso conductois of the other, and of those 
bodies, such as glass and sealing wax, which are non-condactois 
of the one, being also non-conductors of the other, are striking 
prooft of it. Besides, Sir H. Davy has shown, in his Lectures, that 
a Leyden jar, and a common electric battery, can be charged Tvith 
electricity obtained from a Voltaic battery, the effect produced being 
perfectly similar to that obtained by a common machme. 

Dr. "W ollaston has likewise proved, that similar chemical decom- 
positions are effected by the electric machine and by the Voltaic 
battery ; and has made other experiments which render it highly 
probable, that the oripfin of both electricities is essentially the same, 
as th^y show that the rubber of the common electrical machine, 
like the zinc in the Voltaic battery, produces the two electricities, 
by combining with oxygen. 

CaroUne, But I do not see whence the rubber obtains oxygen, for 
there is neither acid nor water used in the common machine ; and I 
always understood that the electricity was excited by the friction. 

Mrs. B. It appears that by friction the rubber obtains oxygen, 

from the atmosphere, which is partly composed of that element. 

! ^ The oxygen combines with the amalgam of the rubber, which is of 

' a metallic nature, much in the same way as the oxygen of the acid 

combines with the zinc in the Voltaic battery, and it is thus that the 

two electricities are disengaged. 

Caroline. But if the electricities of both machines are similar, 
I why not use the common machine for chemicid decompositions ? 

Mrs. B. Though its effects are similar to those of the Voltaic 
battery, they are incomparably weaker. Indeed Dr. Wollaston, in 
using it for chemical decompositions, was obliged to act upon the 
most minute c[uantities of matter, and though the result was satis- 
fiM>tory in proving the similarity of its effect to those of the Voltaie 
battery, these e&cts were too small in extent to be in any consid- 
exable degree m)plicable to chemical decompositions. 

CaroUne. How terrible, then, a shock must be from a Voltaic 
battery, since it is so much more powerful than an electrical ma- 
ehine. 

Mrs. B. It is not nearly so formidable as you think ; at least it is 

f ^— — .^.1 1111 ■ . I I .1 1 ■ I II ■ I ■ 

374. How does the degree of heat in the electric spark compare with 
that produced by other means ? 

375. What proves that the electricity in the Vohaic battery is of tbs 
same nature as that of the common electrical machine ? 

^ 376. How do the rubber of the common electrical machine and ^ 
zioc in the Voltaic battery produce the same electricities ? 

377. How does the ruMier obtain oxygen, in the use of the conuiflil 
electrical machine ^ 

.3K). Why is m4 thecomKon electrical machine used for ohepHSil 
decompositions? 
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%jf no means oroportional to the chemical ei!ect. The ^rrigt sope- 
^ority of lifae Vohaic battery cosiistB in the larg« quemhty of elec- 
tricity that passes : but in regard Ho the rapidity^ or intensity of the 
charge, it is greatly surpassed by th<B common electrical machine. 
It would seem that uie shock or sensation depends chiefly upon the 
-intensity; whilst, on the contrary, for chemical ^purposes, it is 
•«uanftity which Is reqcured. In the Voltaic battery, the electricity, 
ttiough copious, is so weak as not to be able to force its way through 
the fluid which separates the plates, whilst that of a common ma- 
'ichine will pass through any space of water. 

Caroline, Would it not be possible to increase the intensity of the 
Voltaic battery till it should equal that of the comnn>n machme ? 

Mrs, B, It can actually be increased till it imitates a- weak eleo- 

trical machine, so as to produce a visible spark when accumulated 

in a Leyden jar. But it can never be raised sufficiently to pass 

-ihrough any considerable extent of air, because of the ready com- 

mmiication through the fluids employed. 

By increasing uie number of plates of a battery, you increase its 
^ intensity y whilst, by enlarging the dimensions of the plates, you 
augment its quantity — and at ineksuperioiity of the battery over the 
<«ommon machine consists entirely in the quantity of electricity pro- 
duced, it was at first supposed that it was the size, rather than the 
number of plates that was essential to the augmentation of power. 
It was, hbwever, found upon trial, that the quantity of electricity 
produced by the Voltaic battery, even when of a very moderate size, 
was sufficiently copious, and that the chief advantage in this appa- 
ratus was obtained by increasing the intensity, wmch, iiowcver, 
•«til] falls very far short of that of the common machine. 

1 should not omit to mention, that a very splendid, and at the 
same time, most powerful battery,- was a few years ago constructed 
under the direction of Sir H. Davy, which he repeatedly exhibited 
in his course of electro chemical lectures. It consists of two 
thousand double plates of- zinc and copper, of six square inches in 
dimensions, arranged in troughs of Wedgwood- ware, each of which 
contains twenty of these plates. The troughs are furnished with a 
contrivance for lifting the plates out of them in a very convenient 
tflnd expeditious manner.^ 

•A model of this mode of construction is exhibited in (Fiff- 15.) 
NoTB. In consequence of the discoveries of Prof. Hare, of Phit 
- adelphia, the present theory of galvanism must probably undergo 
a radical change. This gentleman has invented a new method of 
extricating the voltaic influence, by so connecting the plates that in 
effect only, two great surfaces of the metals are presented to each 
other. By this arrangement, the galvanic action on diflferent sub- 

-^ 379. In what does the superiority of the Voltaic battery consist P 
f 380. In what respect does the conunon electrical machine surpass 
Vie Voltaic battery.^ 

381. What is the difierence in the action of the Voltaic battery, 
•whether the number of plates is increased or their size is enlarged? 

388* How extensive was the large battery constructed by Sir U. 
Davy? 

3o3. I^Hua American demist has dietingtMed himself by 
'•tngalvammnf 

9 
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{HTot, Hs northern eitremity directing itself towards the xjoesty more 
or less according to the energy of the pile, while on ^e other hand, 
if the magnetic needle be placed below the voltaic conductor, it 
will likewise begin to move round, but its north pole vidll, in this 
case point towards the east. 

Endly, How curious this is! and pray how is this singular efiect 
explained? ^ 

Mrs. B, It is one of the most intricate points of natural seience, 
and one upon which philosophers can yet offer but very uncertain 
conjectures. Several of the most eminent scientific men, however, 
.are earnestly engaged in investigating the subject ; and it is to be 
hoped, that some important discovery may yet be made. In the 
mean time, the^ have already ascertained niany curious facts illus- 
trative of the influence wmch electricity and magnetism exert 
upon each other, one of the most striking of which is, that if a steel 
needle be placed transversely upon the conductor of the Voltaic 
pile in action, the needle will, in a few seconds, become magnetic, 
so as to be cajpable of attracting and repelling iron like magnets. 
Or if any portion of the conducting wire be turned into a spiral, 
and a needle laid within its coils, but so as not to touch them, it 
will immediately become magnetic, as I shall easily show you the 
first time we set the Yoltaic pile in action ; for it is now too much 
exhausted to produce the effect in question. We shall therefore 
here terminate this conversation, which has been already sufficiendy 
long and difficult. 



CONTERSATION TI. 

ON OXYe£^ AJXT> NITROGEN. 

Mr^. B. To day, we shall examine the chemical properties of 

ATMOSPHERE. 

Caroline, I thought that we were first to learn the nature of 
OXYGEN, which comes next in our table of simple bodies? 

Mrs, B. And so you shall ; the atmosphere being composed of 
two principles, oxygen and niirogen, we shall proceea to ana- 
lyze it, and consider its component parts separately. 

JEMy, I always thought that the atmosphere had been a very 
complicated fluid, composed of all the variety of exhalations from 
the earth* 

Mrs. B, Such substances may bo considered rather as heteroge- 
neous and accidental, than as forming any of its component parts ; 
and the proportion iJiey bear to the whole mass is quite inconsid- 
erable. 

Atmoapherical air is composed of two gases, known by the 
names of oxygen gas and nitrogen or azotic gas. 

DmUi/, Pray, what is gas ? * 

* All kinds of air diflfering from the atmosphere, &cq called by 
this name. — C. 

^■-TF-iiw III ■ - - I I ■ r - II <i — ^— 

c. What other facts have been observed on this subject •* 
<- 385. Of what u the atmosphere composed ? 
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Mr$. B* Hie mane of gas i» gken to any fluid capaMe ot exkicv^ 
iag oonstantly in an aerifbnn state, under tae pieaBoie and at tto 
temperatuie of the atntoephere. 

CaroUne. 1b not water, or any other substance when eraporated 
by heat, called gas ? 

Mrs, B, No my dear ; vapor is, indeed, an elastic ^uid, and beai» 
a strcmg resemblance to a gas ; there are, however, several pointa>- 
in whiefa they essentially dilsr, and by which yon may always dis- 
tinguish tfaeni. Steam, or vapor, owes its elasticity merely to s 
hi«i temperature, whidb is equal to that of boiling water. And it 
diners from boiling water only by being united with more calorie, 
which as we before' exjdained, is m a latent state. When steam is 
cooled, it instantly retdrns to the form of water ; bat air, or gas,, 
has never yet been rendered liquid or solid, by any degree of cold. 

Emily, dvlX does not gas, as well as vapor, owe its elasticity, ta 
ealono? 

Mrs. B, It is the prevailing opinion ; and the difference betweea 
gas and vapor is thonght to depend on the different manner, ini 
which calone is united with the basis of these two kinds of elastio 
fluids. In vapor it is considered as in a latent state ; in gas, it i» 
supposed to be chemically combined. 

imHy. When you speak, then^ of the simple bodies, oxygen and 
nitrogen, you mean to express those substances which axe the basei^ 
of the two gases ? 

Mrs, B, Yes, in strict propria^; for they can properly be called 
gases, only when brought to an aeriform state. 

Caroline, In what proporticms axe they combined in the atmos- 
phere? 

Mrs, B, The oxjrgen gas constitutes- a< Httls more than one fifth, 
and the nitrogen gas a litUe less than four fifths.* When separated, 
they are found to possess qualities totally different from each other. 
For oxygen gas is essential both to respiration and combustion, 
while neither of these processes can be performed in nitrogen gas. 

CaroUm, But if nitrogen ^as is unfit for respiration, how does it 
happen that the large proportion of it which enters il^to the compo- 
sition of the atmosphere is not a great impediment to breathing ? 

Mrs, B, We should breathe more freely than our lungs could 
bear, if we respired oxygen gas alone. The nitrogen is no impedi- 
ment to respiration, and probably on the contrary, answers some 
useftil purpose, though we do not know in what manner it acts in 
that process. 

* In 100 parts of the atmospheric ak, there is 21 of oxygen and 
?9 of nitrogen. — C. 

386. What is a gas.? 

387. What is the difference between vapor and gas ? 
' 388. To what does vapor owe its elasticity } 

389. To what do the gases owe their elasticity ? 

390. When may oxygen and nitrogen be c&dled gases ? 

391. What is an essential difference between oxygen and nitrogen, 
when separated ? 

- ' 392. If nitrogen gas is unfit for respiration, how does it happen, thai 
the large proportion of it, which enters into atmospheric air, does not 
cause an impediment in breathing ? 
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' 'Mmfy. And by whalrnieans can the two gaaea, wbioh compose 
the atmospbeiic air, be separated ? 

Mrs. B. There are many ways of analysing the stmoephere : the 
two gases may be separated iirst by combtistion. 

EMhf. Yoa surprise me ! how is it possible that combustion 
mould separate them ? 

Mrs, B, I should previously inform you, that till within a few 
years, oxygen was supposed to be the only simple body naturally 
combined with negative electricity. Sir H. Davy has smoe added 
chlorine and iodine to that number, but they are bodies of inferior 
importance. In all the other elements the positive electricity pre- 
vsLils, and they have consequently, all of them, an attraction foif 

oxygen.ft 

Caroline: That surprises me extremely ; how then are the 

combinations of the other bodies performed, if, according to your 

explanation of chemical attraction, bodies are supposed only to 

combine in virtue of their opposite states .of electricity? 

Mrs. B^ Compound bodies, in which oxygen prevails over the 
ether component parts, are also negative, but their negative energy 
is greater or less m proportion as the oxygen predominates.- Those 
compounds into which oxygen enters in less proportion than the 
Mher constituents, are positive, but their positive energy is dimin*' 
ished in proportion to the quantity of oxygen which enters into their 
composition. 

Bodies, therefore, that are not already combined with oxygen, 
will attract it, and under certain circumstances, wiU absorb it ir^oa 
the atmosphere, in whic^ case the nitrogen gas will remain alone, 
and may thus be obtained in its separate state. 

Caroline, I do not understand now a gas can be absorbed ! 

Mrs, B, It is only the oxygen, or basis of the gas, which is 

f If chlorine or oxymmiatic gas be a simple body, according to 
Sir H. Davy's view of the subject, it must be considered an excep- 
tion to this statement ; but this subject cannot be discussed till the 
properties and nature of chlorine come under examination. 

f The hypothesis that combustion, as well as chemical a0mity are 
electrical phenomena, was first proposed by Berzelius of Stockholm. 
The tlieory is shortly this. In all cases where the particles of 
bodies have a chemical attraction for eac^ other, they are in opposite 
states of electricity, and the force of their union is in proportion to 
the intensity of these electrical states, since it is this which forces 
them to unite. Thus the particles of an acid and an alkali uiute, 
because one is strongly negative and the other strongly positive. 
In case of combustion, these difierent states are still more intense, 
oxygen always being the negative state, and the combustible 
in the positive, and when a union takes place, heat and light is 

393. Can the two gases that compofle the atmospheric air be separate 
ed? 
> 3d4. In what proportion are oxygen and nitrogen unobined in ahnoS' 
Spheric air t 

395. What causes negative electricitv ? 

' 396. How can combustion separate them ? 
V 397. How is caloric produced in combustion ? 

396. What is the theory of combustion proposed by Berzelius f 

9* 
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absorbed ; and the two elecdridties ewcapmg, that is to a&y, the 
neffatiTe from the oxygen, the poetthre frmn the buniiiig body, 
onite and piodaoe oalohc. 

EnUfy, And what beoomes of this caloxic ? 

Mn. B. We shall make this piece of dry wood attract oxygen 
from the atmosphere, and you will see what beoomes of the caforii). 

CoroHne, Ifou are joking, Blrs. B. ; yo« do not mean to decom- 
pose the atmosj^iexe with a piece of dry stick ? 

Mrs, B, Not the whole body of the atmosphere, certainly ; but if 
we can make this piece of wood attract any qaantity of oxygea 
from it, a proportional quantity of atmospherical air will be deeoai- 
posed. 

Caroline, If wood has so strong an attraction for oxygen, why 
does it not decompose the atmosphere spontaneously ? 

Mrs, B, It is found by experience that an elevation of tempen»» 
ture is required foi the conmiencement of the unioB of the oxygOA 
and the wood. 

This eleration of temperature was formerly ibonglrt to be neoei^ 
sary, in order to diminish the cohesive attraction of the wood, and 
enable the oxygen to penetrate and combine with it more readily. 
But since the introduction of the new theory of chemical oombina« 
tion, another cause has been assigned, and it is now supposed that 
the high temperature, by exalting the electrical energies of bodies^ 
and consequently their &rce of attraction, facilitates their combiaa-' 
tion. 

EmUy, If it is true that caloric is composed of the two electricities^ 
an elevation of temperature most necessarily augment the electric 
energies of bodies. 

ilfrv. B, I donbt whether that wouM be a necessary consequence; 
for admitting this composition of caloric, it is only by being decom<* 
nosed that electricity can be produced. Sir H. Davy, however, in 
Kis numerous experiments, has found it to be an almost invariable 
rule, that the electrical energies of bodies are increased by elevation 
of temperature. 

What means, then, shall we employ to raise the temperature of 
the wood, so as to enable it to attract oxygen from the atmosphere ? 

Caroline, Holding it near the fire, I should think, would answec 
the purpose. 

Mrr, B. It may, provided 3rouhold it sufficiently close to the fiie;. 
for a very considerable elevation of temperature is required. 

Caroline, It has actually taken &re ; and yet I did not let it touc& 
the coals, but I held it so very close that I suppose it caught fire 
merely from the intensity of the heat. 

Mrs, B, Or you might say, in other words, that the^ caloric which 

the consequence. This theory is not well proved, nor generally 
adopted. ^ 



399. If wood has a strong attraction for oxygen, why does it not do* 
compose the air spontaneously ? 

400. Why is it necessary to heat a combustible substance to make 
it burn ? 

401 . Are the electrical energies of bodies increased by elevation of 
t^mpetiature ? 

' 402. Why will a piece of wood when held near the fire, bum, al 
though it does not touch the coals ? 
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Iii0 wood imMbed, so m«eh elevated its tempexatture, and exalted its 
«ieetric energy, an to enable it to attract oxygen very rapidly firom 
the atmosphere. 

Emiiy. Does the wood absorb oxygen while it is burning ? 

I^s. B. Yea ; and the heat and light are produced by the union 
of the two electricities which are set at liberty, in consequence of 
the oxygen combining with the wood* 

CaroUne, You astonish me ! the heat of a burning bodyproceeda 
then^as raueh irom the atmosphere as from the body itself? 

Mrs. B, It was supposed that the caloric gi^en out during com- 
bustion, proceeded entirely, or nearly so, from the decomposition 
of the oxygen gas ; but according to Sir H. Davy's new view of 
the subieot, both tlie oxygen gas and the combustible bod^r concur 
in supplying the heat and light, by the union of their opposite eleo- 
tdcities. 

JEmily. I have not yet met with any thing in chemistry that has 
surprised or delighied me so much as this explanation of combus- 
tion. I was at mst wondering what connexion there could be be- 
tween the affinity of a body for oxygen, and its combustibility ; but 
I think I understand it now perfectly. 

Mrs, B, Combustion, then, you see, is nothing- more than the 
ta/^ combination of a body with oxygen, attended by the disen- 
gagement of Jight and heat. 

£Samihf, But are there no combustible bodies whose attraction for 
oxygen is so strong, |;hat they will combine with it, without the 
application of heat ? 

Caroline^ That cannot be; otherwise we should see bodies 
burning spontaneously. 

Mrs. B. But there are some instances of this kind, such as 

Shosphonis, potassium, and some compound bodies, which I shall 
areifter make you acquainted with. These bodies, however, are 
prepared by art, for in general, all the combustions that could occur 
. spoi^aneously, at the temperature of the atmosphere, have already 
taken place ; therefore new combustions cannot happen without the 
temperature of the body being raised. Some bodies, however, 
will bum at a much lower temperature than others. 

Caroline^ But the conunon way of burning a body is not merely 
to approach it to one already on fire, but rather to put the one in 
actual contact with the other, as when I burn this piece of paper by 
holding it in the flame of the fire. 

Mrs. B. The closer it is in contact with the source of caloric, 
the sooner will its temperature be raised to the degree necessary 
for it to burn. If you hold it near the fire, the same effect wiU be 
produced ; but more time will be required, as you found to be the 
case with the piece of stick. 

Dmify, But why is it not necessary to continue applying calorie 
throughout the process of combustion, in order to keep up the elee> 
trie energy of tne wood, which is required to enable it to combine 
with the oxygen ? i 

^ 403. When a tubstanoe burns, what does it absorb i 

404. How are heat and light produced ? 
^l 405. What is combustion ? 
w406. Why do not bodies bum spontaneouely ? 
' 407. What are instances of combustion without a previous increase 
of temperature ^ 
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Mrs. B, The caloric which is gradually produced by the twa 
dectricities during combustion keeps up the temperature of the 
burning body ; so that when once combustion has begun, no further 
application of caloric is required. 

Caroline. Since I have learnt this wonderful theory of combus- 
tion, I cannot help gazinff at the fire ; and I can scarcely conceive 
that the heat and light which I always supposed to proceed entirely 
from the coals, are really produced as much by the atmosphere. 

Emify. When you blow the fire, you increase the comoustion, I 
suppose, by supplying the coals with a greater quantity of oxygen 
gas. 

Mrs. B, Certainly ; but of course no blowing will produce com- 
bustion, unless the temperature of the coals be first raised. A sin- 
ffle spark, however, is sometimes sufficient to produce that efiect ; 
ror, as I said before, when once combustion has commenced, the 
caloric disengaged is sufficient to elevate tiie ^mperature of the 
rest of the body, -provided that there be a free access of oxygen. 
It however sometimes happens, that if a fire be ill made, it will be 
extinguished before all the fuel is consumed, from the very circmiH 
stance of the combustion being so slow that the caloric disengaged 
is insufficient to l^eep up the temperature of the frtel. You most 
recollect that there are three things required in order to prodtlce 
combustion ; a combustible body, oxygen, and a temperature at 
which the one will combine with the other. 

Emily. You said that combustion was one method of decomposing 
the atmosphere, aifd obtaining the nitrogen gas in its simple state ; 
but how do you secure this gas, and prevent it from mixing with 
the rest of the atmosphere ? Fig. 16. 

Mrs. B. It is necessary for this purpose to 
burn the body within a close vessel, which is 
easily done. — We shall introduce a small light- 
ed taper under this glass receiver, which stands 
in a basin over water, to prevent all communi- 
cation with the external air.* 

Caroline. How dim the light bums already ! 
It is now extinguished. 

Mrs. B. Can you tell us why it is extinguish- 
ed ? 

Caroline. Let me consider. — ^The receiver 

wasfuU of atmospherical air; the taper, in combustion of a taper 

"- under a reeeiver. 

• To make a taper, melt some bees wax, and dip into it a strip of 
cotton cloth about an inch wide, and before it is cold, twist it pretty 

408. Why is it not necessary to continue applying caloric throughout 
the process of combustioo, in order to keep up the electric energy of 
the wood, which is required to enable it to combine with the oxygen ? 
^ 409. Why does blowing the fire increase combustion ? 
: 410. Why will fire be sometimeB extinguished before all the wood ia 
ofHisumed.' 
.' 411. What three thin^ are necessary to produce combustion ? 

412. Why will a burnm^ ta{>er placed under a glass receiver, a« in 
figure 16, soon become extuguished f 
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htmdag within it, m^st have comhined with the ozygBen eoalttoad 
m that air, and the calorie that was disengaged produced the light 
of the taper. Hut when the whole of the oxygen was alMorl^d, 
the whole of its electricity was disengaged ; consequently no mors 
calerio could he produced, the taper ceased ta bum, and the flame 
wae extinguished. 

Mrs. B* Your explanation is perfectly correct. 

Emmy. The two cofeistituenta of the oxygen gas being thus di»*> 
posed of, what remain^ under the leoeiver must be pure nitrogen 

gasw 

Mrs. B. There are some circumstances which pieyent the nitro^ 
gen gas thus obtained, from bein^ perfectly pure; but we may 
easily try whether the oxygen has disappeared, by putting another 
lighted taper under it. — ^You see how instantaneously the flame is 
extinguished, for want of oxygen to supply the negative dectridt^ 
veqaired for the formation of caloric ; and were you to put an ani- 
mal under the recover it would be knmediately suffocated. But 
tiiat is an experiment which I do not thiok your curiosity will tempt 
you to try. 

EmUy. Certainly not. ''But lo<^k, Mrs. B., the receiver is full of 
a thick white smoke. Is that nitrogen ^as ? 

Mrs. B. Ko, my dear ; nitrogen gas is perfectly transparent and 
invisible, like common air. This cloudiness proceeds from a variety 
of exhalations, which arise from the burning taper, the nature of 
which you cannot yet understand. 

Oxrolme. The water in the receiver has now risen a little above 
its level in the basin. What is the reason of this } 

Mrs. B. With a moment's reflection, I dare say you could have 
explained it yourself. The water rises in consequence of the 
exycfen gas within it having been destroyed, or rather decomposed, 
by the combustion of the taper. 

Caroline. Then why did not the water rise immediately when 
the oxygen gas was destroyed ? 

Mrs. B. Because the heat of the taper, whilst burning, occar 
sioned a dilatation of the air in the vessel, and a production of 
carbonic acid, which at first counteracted this eflect. 

Another means of decomposing the atmosphere is the oxygena^ii 
of certain metals. This process is very analagous to combustion ; 
h is, indeed, only a more general term to express the combinatioa 
of a body with oxygen.^ 

Caroline. Li what respect, then, does it differ from combustion ? 

Mrs. B. The combination of oxygen in combustion is alvtrays 

hard. Cotton wick does better than the cloth. A quart tumbler 
makes a good receiver. Two or three inches of the taper can be 
festened to a piece of wire, bent se that it will stand up. Thus the 
exp^iment is easily made.— C. 

— ■■ .... ■ I . . . ■ ■ ■ ■ ■ . M il 

413. How long will it burn thus placed under a receiver? 

414. What would be the consequence if an animal weie placed an* 
der the receiver ? Why ? 

413. What ifl another method of decorapottnff the air.' 
416. In what respect does oxygenation di|ferTrom the decomposition 
of air by combustion ? 



aooompanied by a diseDgagement of light and heat ; wh§M; this 
drcomstance is not a necessary consequence of simple oxygenation 

Caroline. But h6w can a body absorb oxygen 'vt^itbout the com* 
bination of the two electricities which produce caloric ? 

Mrs, B, Oxygen does not always present itself in a gaseous fonn; 
it is a constituent part of a vast number of bodies, both soUd and 
liquid, in which it exists in a state of greater density than in the 
atmosphere; and from these bodies it may be obtained without 
much disengagement of <»Lloric. It may likewise, in some cases, 
be absorbed from the atmosphere without any sensible productioD 
of light and heat ; for, if the process be slow the caloric is disengaged 
in such small quantities and so gradually, that it is not capable of 
producing either light or heat. In this case the absorption of oxy- 
gen is called oaygeneUion or oxudation, instead of combustion, as the 
production of sensibie light and heat is essential to the latter. 

ErnUy, I wonder that metals can unite with oxygen ; for, as they 
are so dense, their attraction of aggregation must be very great; 
and I should have thought that oxygen could never haye penetrated 
such bodies. 

Mrs, B, Their strong attraction for oxygen counterbalances 
this obstacle. Most metals, however, require to be made red hot, 
before they are capable of attracting oxygen in any considerable 
quantity. By this combination they lose most of their metallic 
properties, and fall into a kmd of powder, formerly called calx, birt 
now much more properly termed an oxyd; thus we have oxyd of 
lead, oxyd of iron, &c.* 

Emily. And in the Voltaic battery, it is, I suppose, an oxyd of 
zinc that is formed by the union of the oxygen with that metal. 

Mrs. B4 Yes, it is. 

Caroline, The word oxyd, then, simply means a metal combioed 
with oxygen. 

Mrs, S, Yes ; but the term is not confined to metals, though 
chiefly appHed to them. Any body whatever, that has combined 
with a certain quantity of oxyg'en, either by means of oxydation, 
or combustion, is called an otxyd, and is said to be oxydatea of ois}}' 
genated, 

Emily. Metals, when converted into oxyds, become, I suppose, 
negative. 

Mrs. B, Not in general ; because in most oxyds the positive en- 
ergy of the metal more than counterbalances the native energy of 
the oxygen with which it comlmies. 

This black powder is an oxyd of manganese, a metal which has so 

* Ikd Lead and Rust of Iron. — C. 

JL 417. Does oxygen always exist in a gaseous state ? 

418. "When is ue absorption of oxygen called oxygenation, or otyd- 
ation? 

419. How can oxygen penetrate metals, since their attraction of sff* 
greffation is bo great? 

^0. What is the chemical name for red lead and rust of iron ? 
421. What is an oxyd ? 

429. If oxyds are a combination of metals and oxygen, why axe tbey 
not negative } ' 
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strong an affinity for oxygen^ that dt attracts that aabstiinoe from 
the atmosphere at any known temperature, it is therefore never 
.fi^ond ^in its metallic form, but always in that of an oxyd, in which 
state /you see it has yery little of the appearance of a metal. It ^ 
now lieayier than it was before oxydation, in cpnseqnence of tiie 
additional weight of the oxygeii,^with which it has combined. 

Caroline. I am very gl^ to. hear that ; for I confess I could not 
help having some doubts Whether oxygen was really a substance, - 
as it is not to be obtained in a simple and. palpable state ; but its 
weiglit b, 1 think, a decisive proof of its bemg a.real body. 

^rs. B. It is ea^ to estimate its weight by separating it from 
the manganese, and find how much the latter has lost.' 

Emily, But if you can take the oxygen firom the meistl shall we 
not have it in its palpable simple state ? , . . ^ .. 

Mrs, B, No; for I can only separate the oxygen. from the 
manganese by presenting to it some other bod^ for which it has a 
greater affinity than for the manganese. Oalonc a^ording .the two 
electricities is decomposed, and one of them uniting with liie oxy-* 
gen, restores it to the aeriform state. 

. Emily, But you said just no.w, that, manganese vtrduld attract 
XKxygen from the atmosphere in which it is combined with the neg^ 
ative electricity; how, therefore, can the oxygen have a superior 
affinity for that electricity, since it abandons it to combine with the 
manganese ? 

.- Mrs. B, X give you credit for this objection, Emily; and the only 
answer I can make to it is, that the mutual affinities of metals for 
oxygen, and of oxygen for electricity, vary at different tempera- 
fores; a certain degree of heat will, therefore, dispose a metal to 
combine with oxygen, whilst on the contrary, the former will be 
compelled to part with the latter, when the temperature is further 
increased. I nave put some oxyd of rnanganefe into a retort,* 
which is an earthen vessel with a bent neck, such as you see here. 
(See Fig. 17, No. 1.) The retort containing the manganese you 
cannot see, as J have enclosed it in this furnace, where it is now 
red-hoU But, in* order to make you sensible of the escape of the 
gas, which is itself invisible, I have connected the neck of the 
retort with this bent tube, the extremity of which is immersed in a 
vessel of water, f See Fig. 17, No. 2.) Do you see the bubbles of 
air rise through the water ? 

Caroline, Perfectly. This, then, is pure oxygen gas ? What a 
pity it should be lost. Could you not preserve it ? 

* To collect oxygen gas,' take an oil flask, and having fitted a 
cork to it, pierce the cork so as to admit a bent glass tube; (the 
bending is done over a spirit lamp.) Put into the flask some black 
oxyd of manganese, and pour on sulphuric acid enough to make it 
into ,a paste. . Then put in the oork and tube, and. having connected 
the other end of the tube with a receiver in the tube of water^ 
'^pply the heat of an Argand lamp. — C. * 

A 4^. How can it be determined that oxygen hs« weight ? 

424. How can oxygen be separated itdh. manganese after having 

been bxydated ? 
'425, Hoio may pure oxygen he coUectedf • 

426. How would you describe the experiment represented in figure 

17? 
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No. I. Aj retort on a it»iid — No. 9. A, FnrnaM. B, Eaftben Retort in tlie far 
naee. C, Water Bath. D, Receiver. E E. Tube conveying the gas from thb 
Itotott through the water into the Receiver. F E F, Shelf perfofated on whiek 
ihe Receiver stands. 

Mrs, B, We «hall collect it in-tliis receivef. For this purpose, 
you observe, I fitst fill it with water, in order to exclude the atmos- 
pherical air ; and then place it over the bubbles which issue firodi 
the retort, so as to make them rise through the water to the upper 
part of the receiver, 

Emily. The bubbles of oxygien gas rise, I suppose, from theit 
specific levity ? 

Mr$. B. Yes ; for though oxygen forms rather a heavv gas, it 
is light compared to water. You see how it gradually displaces the 
water from the receiver. It is now full of gas, and I may leave it 
inverted in water on- this shelf, where I can keep the gas as lon^ 
as I choose, for future experiments. This apparatus (which is 
indispensable in all experiments in which gases are concerned,) is 
called a water bath.* 

Caroline. It is a very cYever contrivanoe, indeed ; equally simple 
and useful. How convenient the shelf is for the receiver to rest 
upon under water, and the holes in it for the gas to pass into the 
receiver ? 1 long to make seme experiments with this apparatus. 

Mrs, B, I shall try your skill that way, when you have a little 
more experience. 1 am now going to show you an experiment, 
'which proves, in a very striking manner, how essential oxygen is 
to combustion. Yon will see that iron itself *will bum in this gas, 

in the most rapid and brilliant manner. 

^ -1. 

* A common,, large sized wash tub, with a board 4 or 5 inches 
wide, fixed through the middle, and about 6 inches from the top, 
and filled with water, will answer very well for a great variety of 

experiments on the gases. — C. 

■ ■'■■■■'■ . .1 ■ 1 1 II III I ■ I I » 

437. How does the weight of oxygen gas compare with that of watex ? 
428. How may Ihe great te&daney oToxygen to produce comliiiBtioii 
' be proved ^ 
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106 oxT0«r AND iriTfto«vir* 

gea gas ! But pnyy are theae diope of b«nit iron as heavy a» fi» 
wire was before ? 

Mrs. B. They are even heayier ; for the hon ia bonung, hiii 
acquired exactly the weight of the oxygen which has disapp^uted,. 
and is now combined wi& it. It has beooaie an oxyd of iron. 

Caroline. I do not know what you mean by saying that the 
oxygen has disappearedy Mrs. B., for k was alwa^ inyii^le. 

Mrs.B. True, my dear; the expression was incorrect. Bui 
though yon could not see the oxygen gas, I^ belieye you had no 
doubt of its presence; as the effiict it produced on the wire was 
sufficiently evident. 

CkiroUne. Yes, indeed ; yet you know it was the caloric, and not 
the oxy^n gas itself, that dazzled us so much». 

Mrs. l9. You are not quite correct in your turn, in saying the 
caloric dazzled you ; for caloric is invisible ; it a&cts only the sense 
of feeUng ; it was the light which da^ed you. 

Caroline. True ; but fight and caloric are such constant congas- 
ions, that it is difficult to separate them> even in ^ea. 

Mrs. B. The easier it is to confound them, the more oarefol 
you should be in making the distinction. 

Caroline. But why has the water now risen and filkd part of the 
receiver ? 

Mrs. B. Indeed, Caroline, I did not suppose you would have 
asked such a question ! I dare say, Emily, you can answer it. 

Emily. Let me reflect . . . The oxygen has combined with the 
wire; the caloric has escaped; consequently nothing can remain 
in the receiver, and the water will rise to fill the vacuum. 

Caroline, I wonder that I did not think of that. I vmh that we 
had weighed the wire and the oxygen gas before the combustion ; 
we might then have found whether the w^ght of the oxyd was 
equal to that of both. 

Mrs. B. You might try the experiment if you particularly wished 
It ; but I can assure you that if accurately performed, it never fails 
to show that the additional weight of the oxyd is precisely ^qual to 
that of the oxygen absorbed, whether the process has been a real 
combustion or a simple oxygenation. 

Caroline. But this cannot be the case with all combustions in 
general ; for when any substance is burnt in the common air, so far 
from increasing in weight, it is evidently diminished, and sometimes 
entirely consumed. 

Mrs. B. But what do you mean by the expression consumed? 
You cannot suppose that the smallest particle of an^ substance in 
nature can be actually destroyed. A compound body is decomposed 
by combustion ; some of its constituent parts fly oflT in a gaseous 
form, while others remain in a concrete state ; the former are called 
the volatile y the latter the fixed products of combustion. But if we 
collect the whole of them, we shall always find that they exceed the 

I I I ■ I n I « I I III 

433. Why will the component parts of a compound body that has 
been decomposed by combustion, weigh more than the compound body 
did? 

434. What is the impropriety in saying that a person is dauled by 
caloric ? 

^435. Can a particle of any substance be actually destroyed ' 

436. What is the fixed product in combustion ? 

437. What is the volatile product in combustion ' 



'Veiglit 01 tlie combiustible body, by that of the otygen which haa 
xsomoined with them during combustion. 

Emitg. In the combustion of a coal fire, then, I suppose that the 
^hes are what would be called the fixed product, and the smoke 
the volatile product ? 

Mrs, B. 1 €* when the fire bums best, and the quantity of vola- 
tile products should be the gteatest, there is no sikoke ; but how 
canyou account for that^> 

&ufy. Indeed I cannot ; thete&re I suppose that I was not right 
in iny conjecture, _ 

Mrs, B, Not quite ; ashes, as you supposed, are a fixed product 
x>f combustion ; but smoke, property spescking, is not one of the 
volatile products, as it consist of some minute undecomposed par- 
ticles of coak which are carried ofiT by the heated air without being 
burnt, and are either deposited in the form of toot, or dispersed by 
the wind. Smoke, therefore, ultimately becomes one of the fixed 
"products of combustion. As you may easily conceive that the 
iBtron^er the fire is, the less smoke is producea, because the fewer 
^particles escape combustion. On this principle depends the inven- 
tion of Argand's Patent Lamps ; a current of ^r is made to pass 
through the cylindrical wick of the lamp, by which means it is so 
plentmilly supplied with oxygen, that scarcely a particle of oil 
escapes combustion, nor is there any smoke producea. 

Emih/, But what then are the volatile products of combustion ? 

Mrs, B, Variotis new compounds with which you are not yet 
acquainted, and which being converted by caloric either into vapor 
or gas, are invisible : but they can be collected, and we shall exam- 
ine them at some future period. 

Caroline, There, are then other g^es, besides the oxygeiuand 
tfitrog^en^ases? " 

M^s. B, Yes, several ; any substance that can assume and main- 
tain the form of an elastic fiuid at the temperature of the atmos- 
phere, is called a gas. We shall examine the several gases in their 
respective places ; but we must now confine oigr attention to those 
which compose the atmosphere. 

1 shall show ^ou another method of decomposing the atmosphere, 
which is very simple. In breathing, we retam a portion of the oxy- 
gen, and expire the nitrogen ^as : so that if we breathe in a closed 
vessel, for a certain length of time, the air within it will be deprived 
of its oxygen gas. Which of you will make the experiment ? 

Caroline, I should be very glad to try it. 

Mrs, J9. Very well ; breathe several times through this glass 
tube, into the receiver With which it is connected^ until you feel 
chat your breath is exhausted. 

Caroline, I am quite out of breath already ! 

Mrs. B. Now let us try the gag with a lighted taper. 

Earmhf, It is very pure nitrogen gas, for the taper is inmiediately 
extinguished. 

Mrs, B* That is not a proof of its beinff pure, but only of the 
absence of oxygen, as it is that principle alone which can produce 
^Mxdirastion, every otiier gas being absolutely incapable of it.* 

* This does not agree with the opinion that diiorine and iodiTte are 
gjmple bodies, since they axe both supportens of combosticm. — C 
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438. Why is there no smoke when the fire bums best ? 
499. How can the atmosphere be deeompoaed by breathing ? 



IB oi oxygen ana niirogen gases t 

f. Ye^; n about one part of oxygen ^9a be mixed witli 

r parts of nitrogen gas, atmospherical air is produced.* 



OZT0S9 ARD HIT&OaDr. 

J9ftt£|f. In the melliodB which yon have riHiwn us, for de<M)iB- 
poeing the atmosphere, the oxygen always abandons the nitrogen; 
Diit is there no way of taking the nitrogoi from oxygen, so as to 
obtain the latter pure from the atmosphere t 

l^s. B. Ton must obseire, that whenever oxygen is taken from 
the atmosphere, it is by decempoeiBg the oxygen gas : we cannot 
de the same with the nitrogen gas, because nitrogen ^ has a 
I stronger affinity for caloric than ror any other known prmciple ; it 

I appears impossible, therefore, to separate it £rom the atmosphere 

by the power of affinities. Biit if we cainnot obtain the oxygen gas 
I by this means, in. its separate state, we have no difficulty, (as you 

^ have seen) to procure it in its gaseous form, by taking it from tho^e 

I substances that have absorbed it from the atmosphere, as we did 

with the oxyd of manganese. 
I Emihf. Can atmospherical air be recomposed, by mixing dae 

proportions of oxygen and nitrogen gases ? 

Mrs. B. " " ' 
about four 
J Emily, 'the air, then^most be an oxyd of nitro^en^ 

Mrs. B. No, my dear ; for it requires a chemical combination 

! between oxygen and nitrogen in order to produce an oxyd ; whilst 

in the atmosphere these two substances were separately combined 

with caloric, forming two distinct gases, which are simply mixed 

^ in the formation of the atmosphere. 

I shaU say nothing more of oxygen and nitrogen, at present^ as 
we shall continually have occasion to refer to them. In our fiitaie 
conversations. Thev are both very abundant in nature ; nitrogen 
is the most plentiful in the atmosphere, and exists also in all ani- 
mal substances ; oxygen forms a constituent part both of the animal 
and vegetable kingdoms, from which it may be obtained by a variety 
of chemical means. But it is now time to conclude our lesson. I 
am afraid you have learnt moire to-day than you will be able to 
remember. 

Caroline. I assure you that I have been too much interest&i in 
it, ever to forget it. In regard to nitrogen there seems to be but 
little to remember; it makes but a very insignificant figure m 
comparison to oxygen, although it composes a much larger portion 
of the atmosphere. 

Mrs. B. Perhaps this insignificance you complain of, may arise 
from the compound nature of nitrogen, for though I have hitherto 
considered it as a simple body, because it is not known in any natu- 
ral process to be decomposed, yet from some experiments of Sir H. 
Davy, there appears to oe reajson for suspecting that nitrogen is a 

• The proportion of oxygen in the atiiiosphere varies from 21 tb 

33 per cent. 

■Ill , ' ■ ■ I I ' 

440. Why may ndt oxygen bd taken from the atmosphere so as to 
UoM the nitrogen pure ? 

^ 441. How ban atmospheric air be produced by the union of oxygen 
and nitrogen ? . > 

442. Why is not the union that takes place between oxygen and 
nitrogen in the production of atmospheric air, an oxyd ? 

443. Where do oxy^n and nitrogen exist ? . , > 

444. Is nitrogen a smiple or a compound substance ^ 
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compound IkhIt, as we shall see afterwttrds. But erea in its sim' 
fie state it will not appear so insignificant when yoa are better a<y 
juainted ^th it ; for though it seems to perform bat a passiTe part 
in the atmosphere, and has no very strikmg properties, when eoa^ 
sidered in its separate state, yet you will see sy and by what a very 
important agent it becomes when combined wiui other bodies. But 
no more of this at present ; we must resenre it for its proper place. 



/ CONVERSATION TO. 

OH HTB&06EI7. 

CaroUne. The next simple bodies we come to are chlorine and 
:ioi>i2rs. ' Pray, what kind of substances are these ? Are they also 
invisible ? 

Mrs. B. No ;.for chlorine, in a state of fl^, has a distinct green- 
ish color, and is therefore visible; and iodine, in the same state, 
has a beautiful claret-red color. These bodies, I have already in- 
foormed you, are, like oxygen, endowed with the negative electrici- 
ty ; but the explanation of their properties, implies various consid- 
erations, which you would not ^et be able to understand ; we shall 
therefore defer their examination to some future conversation, and 
•we shall go on to the next simple substance, hydrogen, which 
we cannot, any more than oxygen, obtain in a visible or palpable 
form. We are acquainted with it only in its gaseous state, as we 
are with oxygen and nitrogen. 

Oaro&ne, But in its caseous state it cannot be called a simple 
sabstanoe, since it is combined with heat and electricity ? 

il&5. B. True, my dear ; but as we do not know in nature^ of 
any substance which is not more or less combined with caloric and 
electricity, we are apt to say that « substance is in its pure state 
when combined with those agents only. 

' Hydrogen was formerly ceuted infiamauMe airy as it is extremely 
combustible, and bums with a great flame.- > -Since the invention of 
the newnomen<dature,it has obtained the name of hydrogen, which 
4s derived from two Greek words, the meaning of which is to fro- 
duce water, . 
Emiiy. And how does hydrogen produce water ? 
Mrs, B. By its combustion. Water is composed of 89 parts, by 
weight of oxygen, combined with 11 'paals of hydrogen ; or of two 
parts, by biilx, of hydvo^n gas^ to one part of oxygen gas. 

Caro&ne, Really ! ^is it possible that water should be a combinar 
tion of two gases, and that one of these should be inflammable air ! 
Hydroffen must be a most extraordinary gas that will produce both 
fire and water. 

Emify, But I thought you said that combustion could take place 
in no gas but oxygen f 

\' 445. Of what color are chlorine and iodine ? 
446. What does the term hydrogen nigaify ? 
. 447. What was it formerly cidlea ? 

448. How does hydro^^en produce water? 

449. In what proportions do oxygen and hydrogen combine to pro- 
duce water? 

10* 
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Mn, B. Do yon reoolleekwfaat the prooeas iof oombiiBtioii cbtiagtB 
in? 

Endfy. In the ooxnbinalion of a body with oxjgm, with diaen* 
gaffement of light and heat. 

Mrs. B, Therefore) when I say that hydrogen is combustible, I 
mean that it has an affinity for oxygen ; but, like all other combn»- 
tible snbstanoes, it oaqnot bum u^ess supplied with oxygen, and 
alao heated to a proper temperature. 

CaroUne. The simply mixing 11 parts of hydrogen, with 89 parts 
of oxygen gas, will not, therefore, produce water. 

Mrs. B. No ; W^ter being a much denser fluid than gascMi, ii> 
order to reduce these gases to a liquid, it is necessary to diminish 
the quantity of caloric or electricity which maintains them in an 
elastic form. 

Emify. That I should thix^ mi^ht be done by comUmn^ the 
oxygen and hydrogen together; for m combining, they would giye 
out their respective, electricities in the form of ^oric^ and by this 
means woula be condensed. 

CaroHne. But you forget, Emily, that in order to make tiie 
oxygen and hydrogen combine, jou must begin by elevating their 
temperature, which increases, mstead of diminishes their electric 
energies. 

^8. B, Emily is, however, right ; for though it is necessary to 
raise their temperature, in order to make them combine, as that 
combination afibrds them the means of parting with their electrici- 
ties, it is eventually the cause of the diminution of electric ener^. 

Caroline, You love to deal in paradoxes to day, Mrs. B. Fure, 
then, produces water. 

Mrs. B. The combustion of hydrogen gas certainly does; but 
you do not seem to have remembered the &eory of combustion so 
well as you thought you would. Can you tell me what happens in 
the combustion of hydrogen gas ? 

OaroUne. The hydrogen combines with the oxygen, and' their 
opposite electricities are disengaged in the form of csJoric. Yes, I 
think I understand it now — ^by the loss of this caloric, the gases are 
condensed into a liquid. 

EnUbf. Water, then, I suppose, when it evaporates and ineoipo- 
rates with the atmosphere, is decomposed, and converted into hy- 
drogen and oxygen gases. 

Mrs. Bn No, my dear ; there you are quite mistaken : the de- 
composition of water is totally different from its evaporation ; for 
in the latter case, (as you should recollect,) water is only in a state 
of very minute division ; and is merely suspended in the atmosphere, 
without any chemical combination, and without any separation of its 
constituent parts. As long as these remain combined, they form 
WATKR, whether m a state of Uquidity, oi in that of an elastic fluid, 
as vapor, or under the solid form of ice. 

450. When it is said that hydrogen is combustible, what is in- 
tended P 

451. Will simply mixing eighty-fiive parts of oxygen and fifteen of 
hydrogen, produce water? 

452. What is necessary i 

453. What happens in the combustion of hydrogen ^ ? 

^ 454. What is the difierence between the decomposition and evapora- 
tion of water ? 
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•ht'&ax experiments on latmit heat, yon may recollect that we 
eioaed water snooessiyely to pass through these three forms, merely 
by an increase or dimmntion of caloric^, without employing any 
power of attraction, or effecting any^decomposition. 

QtroHne, But are there qo means of decomposing water ? 

Afrf. B. Yes, several ; charcoal, and metals, when heated re<i 
hotf will attract the oxysen from water, in the same manner as 
they will from the atmosmiere. 

CearoHne; Hydro^n, J see, is like nitrogen, a poor dependent 
friend of oxygen, which is continually foisaHen for greater fiiYorites. 
< Mrs. B» i%e( connexion*, or. friendship, as you choose to call it, 
is much more intimate between oxyi^en and hydrogen, in the state 
of water, than between oxygen, ana nitre^n, in the atmosphere ; 
for, in the first case,, there is a chemical umon^and condensation of 
the two substances ; in the latter they are simply mixed together 
in their gaseous state. You will find, however, that in some cases, 
nitrogen is quite as intimately connected with oxygen, as hydrogen 
is. But this is foreign to our present subject. 
• JBmify, Water, then, is an oxyd, though the atmospherical air is 
not. 

. Mrs, B. It is not commonly called an oxyd, though according to 
our definition, it may, no doubt, be referred to that class of bo(ues. 

Caroline, 1 should like extremely to see water decomposed. 
. Mrs, B, . I can firatify your curiosity* by a>muoh more easy pro- 
cess than the oxydation of charcoal or metals ; the decomposition 
4yf water by these latter means takes up a great deal of time, and is 
attended with much trooble ; for it is necessary that the charcoal, or 
metal should, be made red hot in a fiimace, that the water should 
pass over them.in a state of vapor, that the fza formed should be 
collected over the water bath, &c. In short, it is a very complicat- 
ed operation. But. the same e^ct may be produced witn the 
greatest facility, by the action of the Yoltaic battery, which this 
will give me an opportunity of exhibiting. 

. CmroUne, I am very glad of that, for I longed to see the power 
of this apparatus in decomposing bodies,.. 

Mrs. jB. For this purpose, I fill this piece of glass tube with 



Fig. 18. 




Apparatufl for the decompoiitioii of water by tbe Voltaic 

Battery. 



water, and cork it 
up at both ends ; 
^rough one of 
the corks I intro- 
duce that wire 
of the battery, 
which conveys 
the positive elec- 
tricity ; and the 



455. What are the means of deeomposing water ? 

456. What is the difference between the union of oxygen and nitro- 
ni,and the union of ozy^n and hydrogen ? 

457. May water be considered an oxyd ? 

458. What is the inconTenience of decomposing water by the oxy- 
dation of charcoal or metals ?, . , 

459. How may Water be decomposed by the use of the Voltaic bat- 
tery ? 
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trire which ootiTeys the negsdre eleetiicHy is madte to iiasi llttttdgh 
tlM other cork, -so that the two wized approoch each otiier 
ciently neax to giyeoat their respective electii^tieft. 

OEnroline. It does noft appear to me that you appfwieh the 
fio near as you did when you made the battery to act by itself. 

Mrs. B. Water being a better conductor of eleetiicity than air, 
tiie two wires will act xm each other at a greater ^stance in tte 
former, than in the latter case. 

Ermhj, Now the electrical efiect appeafs ; I see small bubUes of 
air emitted fiom each wire. 

. Mrs, B. Each wire decomposes the water; the positnre by 
combining with its oxygen, which is negative ; the negatiye by 
combining with its hydrogen, which is positive. 

Caroline, That is wonderfully corioos ! but what are the smaH 
bubbles of air ? 

Mrs, B. Those that appear to proceed from the positive whia, 
are the result of the decomposition of the water by that wire. Thai 
is to say, the positive electricity having combined with isome of the 
oxygen of the water, the particles of hydro£^en which were combin- 
ed with that portion of oxygen are set at liberty, and appear in the 
Ibrm of small bubbles, of gas or air. 

EnUly, And I suppose the negative fluid, havinc^ in the same 
manner combined with some of the hydrogen of the water, th« 
particles of oxygen that were combined with it are set free, and 
emitted in a gaseous form. "^ 

Mrs* B. Precisely so. But I should not forget to observe, that 
the wires used in this experiment are made of platina, a metal which 
is not capable of combming with oxygen ; for otherwise the wire 
would comUne with the oxygen, and we hydrogen alone would be 
disengaged. 

Carohne. But could not water be decomposed without the electrio 
circle being completed ? If, for instance, you immersed only the 
positive wire in the water, would it not combine with the oxygen, 
and the hydrogen fas be given out ? 

Mrs, B, No^ for as you may recollect, the battery cannot aoi 
unless the circle be completed ; since the positive wire will not give 
out its electricity, unless attracted by that of the negative wire. 

Caroline, I understand it now. But look, Mrs. B., the decompo^ 
eition of the water which has been going on for some time, does not 
sensibly diminish its quantity — ^what is the reason of that ? 

Mrs, B. Because the quantity decomposed is so extremely small* 
£f you compare the density of water with that of the gases i^to 
which it is resolved, you must be aware that a single drop of watei 
is sufficient to produce thousands of such small bubbles as those you 
tiow perceive, . , 

J Carohne, But in This experiment, we obtain the oxygen aad 
hydrogen gases mixed together. Is tbc^e any means of procmin^ 
the two gases separately ? 

Mrs, &, They can be collected separately with great ease by 

460. Which is the best conductor of electricity, water or air? 
; 461. WluU remarkable property has platina ?. ^ » 

'462. Why cannot water be decomposed uakss the elec^ic circle ie 
^completed ? 
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a little the eacperiment. Thus, if instead of one tttbe, we 
em^ldy two, as you see tiere,^ (c. d. Fig. 19,) both tubes being closed 
¥ig, 19. at one end, and open at the other ; an4 

il^^^'^^i^ >rf*^ s ^ *^^ filling these tubes with water, we 

place them standing in a glass of water (o) 
with their open end downwards, you will 
see that the mo^nent we connect the 
wires (a, b,) which proceed upwards from 
the interior of each tubev the one with one 
end of the battery, and the other with the 
other end, the water in the tubes will be 
idecomposed ; hydrogen will be given out 
round the wire in the tube connected with 
___^ the positive end of the battery, and.oj^ 

Apparatus for deeomfxMiJiK g^A in the other, and these gases will be 
watmc by Volteie Electricity evolved exactly in the proportions which 
and (Atainteg the gasee sepa- j j^^^^ ^^^ mentioned, namely, two 

measures of hydrogen- for one of oxygen. 
We shall now begin the experiment, but it will be some time before 
any sen»ble quantity of the gases can be collected. - 

EmUy. The decomposition of water in this way, slow as it is, is 
certainly very wonderful ; but I confess that I should be still more 
gratified, if you could show it on a larger scale, and by a quicker 
pieicesSi, I am sorry that the decomposition of water by charcoal 
or metals is ^.ttended with so much inconvenience. 

Mts. B. Water pay be decomposed by means of metaljs without 
any difficulty ; but for this purpose the intervention of an acid hs 
required. Thus, if we add some sulphuric acid (a substance with 
the nature of which you are not yet acquainted) to the water which 
the metal is to decompose, the acid enables the metal to combine 
with the oxygen of the water so readily and abundantly, that no 
beat is required to hasten the process. Of this I am going to show 
you an instance. I put into this bottle the water that is to be 
decomposed, the metal that is to effect that decomposition by com- 
bining with the oxygen^ and the acid which is to fecilitate the 
combination of the metal and the oxygen. You will see with what 
▼iolebce these will act on each othei;.* 



: * To obtain hydrogen, fit a cork air tight to an oil flask, and pierce 
St with a burning iron, to admit a tube. The tube may be of glass, 
lead, or. tin^ bent to a convenient shape, and put into the opening 
made by the hot iron. Pour into the flask about a giU of water, and 
dzop into it about ^m ounce of zinc, ^anulated by melting, and 
pouxing it into cold water. . Then pour m half an ounce by measure 
of svdphuric acid, and immediately put the cork into its place, and 
plunge the other end of the tube under a receiver, or large tumbler, 
nlled with water, andlaverted in the water bath. . The flask ^ows 
hot, and the gas begins to rise the instant the s^id is poured m ; .a 
place therefore must previously be prepared to set it ; and if noth* 
ing better is at hand, a bowl, with a doth in it, to prevent breaking 
the flask, and set at a convenient height, will do very well. — C ■ 

■»■ , I I I » ' | L . 1 [ ■ II ■ > . I II ■ "j 

463L How can water be decomposed so as to produce the two gates 
•e|)trate? • ;....-■ 

464* How may water be decomposed by ^ans of iron filinj(s ? 
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Ouvhne. Bolt what metal is it thaA j(m tm^iaj §» thiB fwiq ii ne t 

Mrs. jB. It is iron ; and it is used in tke stats e€ filings, as tiisss 
TOBsent a ^ater surfiice to the acid than a solid piece of metak 
Wot as it IS the surface of the metal wMch is acted upon by tlie 
ieid, and is dij^K)8ed to receiye the oxygen produced by the decolor 
position of the water, it necessarily ioUows that the greater is the 
surface, the more oon^derable is the effect. The bubUss wMdk 
«re now rising, on the hydrogen ga o 

Caroline, How disagreeable it smells ! 

Mrs, B, It is indeed unpleasant, though I belicTe noJt particit- 
larlj hurtful. We shall not, however, suffer any more to escape, 
as It wiU be wanted for experiments. I shall therefore collect it ia 
a glass receiyer, by making it pass through this, bent tube, whidi 
w£ conduct Into the water-bath. (Fig. 20, No. i.) 



Fig. 20. 




1* Jt|i|Mntot for praparing snd «oU«ctiQg hydrogen gav. S. Receiver fall of liyAw- 

gen gaa iuyerted over water. 

' EnUfy, How yery rapidly the gas escapes ! it is perfectly transpif^ 
tent, and without any color whatever. iMow the receiver is full. 

Mrs. B, We shall therefore remove it and substitute another in 
its place. But you must ^observe, that when the receiver is fuB) 
it is necessary to keep it inverted with the mouth under water, 
otherwise the gas would escape. And in order that it may ribt be 
in the way, I introduce within the bath, under the water, a saacsry 
Into which I slide the receiver, so that it can he taken out of the 
bath and conveyed any where; the water in the saucer being 
equally effectual in preventing its escape as that in the bath. 
<%. 20, No. 2.) 

Emih/, I am quite surprised to see what a large qoatUity of 
hydrogen gas can be produced by so snudl a quantity of waAear, 
especially as oxygen is the principal constituent of water. 

Mrs. 6. In weight it is ; out not in volume. For though ^e pio^ 
portion, by weight, -is nearly eight parts of oxygen to one <rf hyanh 
gen, yet the proportion of the volume of the gases is about one pait 

466. Why are iron filings, in this experiment, better than a mU 
pieee of metal ^ 

466. How may hydrogen gas be collected as the water is deoom- 
poped? 

467. What are the proportions of oxygen and hydrogen in water?' 



of 0xygm lo two. of hydiogei^ ; ao mueh heavier is tlie former than 
the latter.* 

OsarokM, But why ia the Teasel in which the water is deoom- 
pewd so hot? As the water changes from a liquid to a gaseous 
nam, cold should be produced instead of heat. / 

Mrs. B, No ; for if one of the constituents of water is converted 
into gas, the other becomes solid in combining with the metaL 

Emily. In this case, then, neither heat nor cold should be pro* 
dneed ? 

Mrs. B. True ; but observe that the sensible heat which is dis^ 
engaged in this operation, is not owin^ to the decomposition of the 
water, but to an extrication of heat produced by the mixture of water 
and sulphuric acid. I will mix some water and sulphuric acid to- 
gether in this glass, that you may feel the surprising quantity of heat 
which is disengaged by their union — ^now take hold of the glass. 

Caroline. Indeed I cannot ; it feels as hot as boiling water. I 
should have imagined there would have been heat enough disen* 
gaeed to have rendered the liquid solid. 

Mrs. B. As, however, it does not produce that efiect, we cannot 
refer this heat to the modification called latent heat. We may 
however, I think, consider it as heat of capacity, since the liquid 
ii condensed by its loss ; and if you were to repeat the experiment, 
in a graduated tube, you would find the two liquids, when mixed, 
occupy considerable less space than they did separately. But we 
will reserve this to another opportunity, and attend at present to 
the hydrogen gas which we have been producing. 

If I now set the hydrogen g^ which is contained in this receiver 
at liberty all at once, and kindle it as soon as it comes in contaet 
with the atmosphere, by presenting it to a candle, it will so suddenly 
and rapidly decompose the oxygen gas, by combining with its basis, 
that an explosion, oc a detofuUion, (as chemists commonly call it) will 
be produced. For this purpose, I need only take up the receiver, 
and quickly present its open mouth to the candle so. . . 

CaroHne. It produced only a sort of hissing noise, with a vivid 
flash of light. I had expected a much greater report. 

Mrs. B. Aiid so it would have been, had the gases been closely 
confined at the moment they were made to explode. If, for in- 
stance, we were to put in this bottle a mixture of hydrogen gas and 
atmospheric air; and if, after corking the bottle, we should kindle 
the mixture by a very fine orifice, from the sudden dilatation of the 
gases ai the moment of their combination, the bottle must either fly 
to pieces, or the cork be blown out with considerable violence. 

CktroHne. But in the experiment which we have iust seen, if you 
did not kindle the hydrogen gas, would it not equally combine with 
the oxy?en ? 

Mrs. 1b, Certainly not : for, as I have just explained to you, it 
is necessary that the oxyg[en and hydrogen gases be burnt together, 
hi order to combine chemically and produce water. 

* Hydrogen is abo^t 13 times lighter than atmospheric air. — C. 

^ ■ ■ - .- ^ ^ — ^ — 

468. How muck lighter is hydrogen than common air f 
\ 469. How can hydrogen gas be made to produce an explosion with a 
Uud report ? 

470.. How can the experiment named be varied so as to produce a 
load report? 
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soon perceive its internal eorfaee covered with a Tc^fine dev, 
wiiich is pare water. — ^ ^ 

. Caroline, Yes, indeed ; the glaas is now quite dim with moia- 
tore. How glad I am that we can see the water produced by this 
combustion. 

Bmity, It iff exactly what I was anxious to see ; for I confess I 
was a little incredulous. 

Mrs. B, If J had not held the glass bell over the flame, the 
water would have escaped ui the state of vapor, as it. did in. the 
former experiment. We have here, of course, obtained but a very 
small quantity of water; but the difficulty of procuring a pitoper 
apparatus, with sufficient quantities of gases, prevents my showmg 
it you on a larger scale. x ' 

» The composition of water was discovered about the same period, 
both by Mr. Cavendish, in this country, and by the celebrated 
French chemist, Lavoisier. The latter invented a very perfect and 
ingenious apparatus, to perform with great accuracy^ and upon a 
lare^e scale, the formation of water by the combination of oxygen, 
'ana hydrogen gases. Two tubes, conveying due proportions, the 
one of oxygen the other of hydrogen gas, are inserted at opposite 
sides of a large globe of glass previously exhausted of air ; the two 
streams of gas are kindled within the globe, by the electrical' spark, 
at the point where they come in contact ; they bum together, that 
is to say, the hydrogen combines with the oxygen, the (^bric is set 
at liberty, and a quantity of water is produced exactlF equal in 
weight to that of the two gases introduced into the globe. 

Caroline, And what v<ras the greatest quantity of ^ater ever 
formed in this apparatus ? 

Mrs, B, Several ounces ; indeed, very nearly a pound, if I recol- 
lect ri^ht ; but the operation lasted many days. 

Emdy, This experiment must have convinced all the world of 
the truth or the^ discovery. Pray if improper proportions of the 
gases were mixed and set fire to, what would be Uie result ? 

Mrs, B, Water would be equally formed, but there wonild be 
a residue of either one or other of the gases, because as I have 
already told you, hydrogen and oxygen will combine only in the 
proportions requisite for the formation of water. 

EmUy, Look, Mrs. B., our experiment with the Voltaic battery, 
(See figf. 19,) has made great process ; a quantity of gas has been 
formed in each tube, but in one of them there is twice as much as 
in the other. 

Mrs, B, Yes ; because, as I said t)efore, water is composed of 

•The burninff of a candle, lamp, wood, &c., always produces 
water. The tafiow and oU contain hydrogei), and during combus- 
tion, it unites with the oxygen of the atmosphere. Hold a wide 
'tube over a lamp, and it is soon covered with moisture. Wood 
pontains hydrogen. — C. 

475. Hmo is taOer produced by the burning of a candle, lan^, fyc,f 
. 476. What chemists discovered the composition of water ? 

477. How would you describe the apparatus invented by Lavoisier 
for converting oxysen and hydrogen gases into water ? 

478. What womd be the result if other proportions of ovj^gen and 
hydrogen gas were mixed than U proper for the productioa or water? 

11 
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two volomes of hydrogen to one of oxygen — tad if we shonM now 
mix Uiese gases together and set fire to them hy an electrical 
spark, both gases woa}d entirely disappear, and a small quantity 
of water womd be formed. 

There is another curious effect produced by the combustion of 
hydrogen gas, which I shall show you, though I must acquaint you 
first, that! cannot well explain the cause of it. For this purpose, 
I must put some material^ into our apparatus, in order to obtain a 
stream of hydrogen gas, just as we hare done before. The process 
is already going on, and the gas is ruling through the tube, I shall 
now kindle it with a taper. 

Emily, It bums exactly as it did before— What is the curious 
effect which you are menttoning ? 

Mrs, B, Kistead of the receiver, by means of which we have 

just seen the drops of water form, we shall invert over the flame 

this piece of tube, which is about two feet in length, 'and one inch 

in diameter, but you must observe that it is open iX both ends. 

(Fig. 22.) Emihf, What a strange noise it produces! something- 

like the JExAmo. harp, but not so sweet. 

Candine. It is very singular indeed; but I think 
rather too powerful to be pleasing. And is not this 
sound accounted for ? 

Mrs. B. That the percussion of glass, by a rapid 

stream of gas, i^ould produce a sound, is not extraor-^ 

dinary r but the sound here is so peculiar, that no other 

gas bias a similar efiect. Pethaps it is owing to a brisk 

vibratory motion of the glass occasioned by the suoces- 

Aj sive formation and condensation of small drops of water 

W on the sides of the glass tube, and the air rushing in to 

^ replace the vacuum i^rmed.* 

B CaroUne. How very much this flame resembles the 

jSt turning of a candle. 
f^^ Mrs. B, The burning of a candle is produced by much 
the same means. A great deal of hydrogen is contained 
in candles, whether of tallow or wax. This hydrogen 
being converted into gas by the heat of the candle, com- 
bines with the oxygen of the atmosphere, and flame and 
water result from the combination. So that in &ct the 
Appuatu Tor ^3"™© o^ ^ caudlo is owing to the combustion of hydrogen 
EmE^ d^ ?^' A° elevation of temperature, such as is produced! 
SiMCMibttiluooof By a lighted match or taper, is required to ^ive the first 
hj&eogtu KM. impulse to the combustion ; but afterwards it goes on of 
itself, because the candle finds a supply of caloric in the successive 
(quantities of heat which result from the union of the two electrici- 
ties given out by the gases during their combustion. But there are 
other circumstances connected with the combustion of candles and 
lamps, which I cannot explain to you tilt you are acquainted with 
caroon, which is one of their constituent parts. In general, how- 
ever, whenever you see flame, you may infer, that it is owing to Uie 

*ThiB ingenious explanation was first suggested by Dr. Dela- 
lire. See Journals of the Royal Institution, vol. i. p. 259. 

479. What eurioos ezperiraent is exhibited in figme 22 i 

480. How is a oommon candle made to burn ? 
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fennation and boming of hydrogen gas*f ; Tor flame is the peculiar 
mode of boming hydrogen g^as, which with only one or two appa- 
rent exceptions, does not belong to any other combustible. 

Emily. You astonish me ; I understood that flame was the calorie 
produced by the union of the two electricities, in all combustionB 
whatever. 

Mrs, B, Your error proceeded from your vague and incorrect 
idea of flame ; you have confounded it with the light and caloric in 
general. Flame always implies caloric, since it is produced by the 
combustion of hydrogen gas : but all caloric does not imply flame) 
Qoals, for instance, burn with flame, until all the hydrogen which 
they contain is evaporated ; but when they afterwards become red 
hot, much more catoric is disengaged than when they produce 
flame. • 

Caroline. , But the iron wire, which you burnt in oxygen gas, 
appeared to me to emit flame ; yet, as it was a simple metal, it 
could contain no hydrogeVi. 

Mrs. B. It produced a spariding, dazziing blaze of light, but no 
real flame. 

Emily. And what is the cause of the regular shape of the flame 
of a candle ? 

Mrs. B. The regular stream of hydrogen gas which exhales 
from its combustible matter. 

Caroline. But the hydrogen gas must, from its great levity, 
usoend into the upper regions of the atmosphere ; why, therefore, 
iocs not the flame continue to accompany it ? 

Mrs. B. The combustion of the hydrogen gas is completed at the 
pomt where the flame terminates : it then ceases to be hydrogea 
gas, as it is converted, by its combination with oxycen, into watery 
vapor ; but in a state of such minute division as to he invisible. 

Caroline. I do not understand what is the use of the wick of a 
candle, since the hydrogen gas burns so well without it. 

Mrs. B.. The combustible matter of the candle must be decoih- 
posed, in order to emit the hydrogen gas ; and the wick is instru- 
dients^ in effecting this decomposition. Its combustion flrst melts 
the combustible matter, and — 

Caroline. But, in lamps, the combustible matter is already fluid, 
and yet they also require wicks. 

Mrs. B^ I am going to add, that afterwards, the burning wick 
(by the power of capillary attiraction) gradually diraws up the fluid 
to the point where combustion takes place ; for you must have ob- 
served that the wick does not bum quite to the bottom. 

• Or rather kudro-carhonat^ a gas composed of hydrogen and car- 
bon, which will be noticed under the head Carbon, 

f Tlie candle also contains carbon, which gives brilliancy to the 
flame, and the product of combination besides flame and water is a 
quantity of carbonic acid. — C. 

4dl. What is said in the note of the burning of a candUf 
« 482. What is flame? 

483. How loD^ will coals bum with flame f 

484. To what is the regular shape of the flarae of a candle owing ?^ 

485. If the. flame of a candle is produced by Hydrogen gas, why Is 
tlie wick necewary ? 
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Caroline* Yes ; but I do not understand why it does not. 

Mrs. B. Because the air has not so free an access to that part of 
the wick which is immediately in contact with the candle as to the 
part just above, so that the heat there is not sufficient to produce 
Its decomposition ; the combustion, therefore, begins a little aboT« 
this point.* 

Caroline* But, Mrs. B., in those beautiAil lights called gas lights, 
which are now seen in so many streets, and will, I hope, be soon 
adopted erery where, I can perceive no wick at all. How are these 
lights managed ? 

Mrs. B. A am glad you have put me in mind of saying a few 
words on this very useful and important improvement. In this mode 
of lighting, the gas is conveyed to the extremity of a tube, where 
it is Kindled, and bums as long as the supply continues. There is, 
therefore, no occasion for a wick, or any other fuel whatever. 

Emily. But how is this gas procured in such large quantities ? 

Mrs. B. It i^ obtained from coal, by distillation. Coal, when 
exposed to heat in a close vessel, is decomposed ; and hydrogen, 
which is one of its constituents, rises in a state of gas, combmed 
with another of its component parts, carbon, forming a compound 
gas, called Ifydro-Carbonat, the nature of which we shall aj?din 
nave an opportunity of noticing when we treat of carbon. This 
^as, like hydrogen, is perfectly transparent, invisible, and highly 
mflammable ; and, in burning, it emits that tivid light which you 
have so often observed. 

Caroline. And does the process for procuring it require nothing 
but heating the coals, and conveying the gas through tubes ? 

Mrs. B. Nothing else, except that the gas must be made to pass, 
immediately at its formation, through two or three large vessels of 
water,! in which it deposits some other ingredients, and especially 
water, tar, and oil, which also arise from the distillation of coals. 
The gas light apparatus, therefore, consists simply in a large iron 
vessel, in which the coals are exposed to the heat of a furnace, — 
some reservoirs of water, in which the gas deposits its impurities, 
and tubes that convey it to the desired spot, being propelled with 
uniform velocity through the tubes, by means of a certain degree 
of pressure which is n^e upon the reservoir. 

* In the burning of a candle, the reason why combustion does not 
take place in immediate contact with«the tallow, is, that the caloric 
is here em'ployed in converting a solid into fluid, as explained in 
the conversation on free caloric. In the burning of a lamp, if the 
same thing 'takes place, it is because the metallic tube liiroogh 
which the wick passes, conducts off the heat. — C. 

fThe gas is passed through one vessel of slacked lime and water 
to absorb the carbonic acid gas, with which it is always more tx 
less mixed, when first distilled. — C. 

486. Why is it that the toick of a candle does not bum to the bottom f 

487. How are gas lights made to burn without wicks ? 

488. What is the gas called, used in lighting the streets of some 
large cities ? 

489. How is it obtained ? 

490. Of what does the gas light apparatus consist' 
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Unify, Wliat «n admirable oontnTance ! Do jou not think, Mis. 
B., that it will soon be universally adopted ? 

A&s. B, Most probably; for the purpose of lighting streets, ofSt- 
ces, and public places, it far .surpasses any former invention ; but in 
r^^ard to the interior of private houses, this mode of lighting has nol 
yet been sufficiently tried to know whether it wiU be found generaUy 
desirable, either with respect to economy or convenience. It may, 
however, be considered as one of the happiest applications of 
chemistry to the comforts of life ; and there is every reason to sup- 
pose that it will answer the full extent of public expectation. 

I have another experiment to show you with hydrogen gas, which 
I thhik, will entertain you. Have you ever uown bubbles with 
aoap and water f 

BmUy. Yes, often, when I was a child ; and I used to make them 
doat in. the air by blowing them upwards. •' 

Mrs. B. We sh^ fill some bubbles with hydrogen gas, instead 
cf atmospheric air, and you will see with what ease and rapidity 
they will ascend, without the assistance of blowing, from the light* 
aess of the gas. — Will you mix some soap and water, whilst I fill 
this bladder with the gas contained in the receiver which stands ott 
the shelf in the water bath ? 

Caroline. What is the use of the brass^stopper and tum-cock at 
the top of the receiver ? 

Mrs. B. It is to afford a passage to the g36, when required. There 
is, you see, a similar stop-cock fastened to this bladder, whieh is 
made to fit on the receiver. I screw them one on the other, and 
aow turn Ihe two cocks, to open a communication between the re- 
ceiver and the bladder ; then, by sliding the receiver off the shelf, 
and gently sinking into the bath, the water rises in the receiver, and 
^rces the gas into the bladder. 4^ig. 23, Ko. i.) 

Caroline. Yea. I see the bladder sw^lt as the water rises in the 
seoeiver. 

Mrs. B. I think that we have already a sufficient quantity in the 
Uadder for our purpose ; we must be careful to stop both the cocks 
before we separate the bladder from the receiver, lest the gas should 
escape. — ^Now I must fix a pipe to the stopper of the bladder, and 
by dipping its mouth into the soap and water, take up a few drops ; 
then I again turn the cock, and squeeze the bladder, in order to 
force the gas into the soap and water, at the. mouth pf the pipe. 
(Fig. 23, No. 2.) 

J&nify. There is a bubble ; but it bursts before it leaves the mouth 
of the pipe. 

Mrs. A. We must have patience and try again ; It is not easy to 
blow bubbles by means of a bladder, as simply with the breath. 

Caroline. Perhaps there is not soap enough in the water, I should 
have had warm water ; it would have dissolved the soap better. 

Emily. Does not some of the gas escape between the bladder and 
the pipe ? ' 

491. What is said of lighting streets, offices, and public places with 
this ffas? 

4^. How can bubbles, of soap and water be made to float in the air? 

How ean these bubbles be made so as to explode on setting fire !• 
ihem ? (See page 123.) 

493. What is repiesested ia 23, No. 1 and 2 ? 







No. 1 Apparatu for tretifferring gaiei from a Receiver into a bladder. 19b. 9. 

Apparatus for blowing Soap bubbles. 

Mrs, B, No ; they are perfectly air tight ; we shall Buooeed 
presently, I dare say. 

Caroline. Now a bubble ascends ; it moves with the rapidity of 
a balloom How beautifully it refracts the light. 

Emily. It has burst against the ceihng — you succeed now won- 
derfully ; but why do they all ascend and burst against the ceiling ? 

Mrs. B. Hydrogen gas is so much ligjiter than atmospherical air, 
that it ascends rapidly with its very light envelope, which is burst 
by the force with which it strikes the ceiling. 

Air-balloons are filled with this gas, and if they carry norther 
weight than their covering , would ascend as rapidly as these bubbles. 

Caroline. Yet their covering must be much heavier than that of 
these bubbles ! 

Mrs. B, Not m proportion to the quantity of gas they contain. 
I do not know whether you have ever been present at the filling of 
a large balloon. '^The apparatus for that purpose is very simple. 
It consists of a number of vessels, either jars or barrels, in which 
the materials for the formation of the gas are mixed, each of these 
being[ furnished with a tube, and communicating with a long flexir> 
ble pipe which conveys the gas into the balloon. 

Emily. But the fire balloons which were first invented, and have 
been since abandoned, on account of their being so dangerous, were 
constructed, I suppose, on a dififerent principle. 
_ Mrs. B. They were filled simply with atmospherical air, consider- 

m I ■!■ I m i n i ■ ■ ■ I I II .1 I I I I — ^— — i— ^.a 

' 494. iVith what are air balloons filled ? 
496. What is the apparatus for filling a large balloon with hydrogen 

fa? 
496. With what were fire balloons filled ? 
* 497. Why were they abandoned? 



Mf tarefied by heat ; tind the necessity of having a fire mdemeath 
the balloon, in order to preserve the rarefaction of the air within it, 
was the circumstance productive of so much danger. 

If you are not yet tired of experiments, I have another to show 
jou. It consists in filling soap-bubbles with a mixture of hydrogen 
and oxygen gases, in the proportions that form water : and after- 
wards setting fire to them. 

Emily, They will detonate, I suppose. 

Mrs, B, Yes, they will. As you have seen the method of trans- 
ferring the gas from the receiver into the bladder, it is not necessary 
to repeat it. I have therefore provjded a bladder which contains a 
due proportion of oxygen and hydrogen gases, and we have only to 
Uow bubbles with it. 

Caroline. Here is a fine large bubble rising — shall I set fire to it 
with a candle ? 

Mrs. B, If you please. 

Caroline. Heavens, what an explosion ! • It was like the report 
of a ^un ; I confess it frightened me much. I never should have 
imagined it could be so loud. 

&nily. And the flash was as vivid as lightning. 

Mrs, B, The combination of the two gases take place during 
that instant of time that you see the flash, and hear the detonation. 

Emxhf. This has a strong resemblance to thunder and lightning.f ' 

Mrs, B. These phenomena, however, are generally of an elec- 
trical nature. Yet various meteorological efiects may be attributed 
to accidental detonations of hydrogen gas in the atmosphere ; for 
natirre abounds with hydrogen ; it constitutes a very considerable 
portion of the whole mass of water belonging to our globe, and from 
that source almost every body obtains it. It enters into the com- 
position of all animal substances, and of a great number of minerals ; 
but it is most abundant in vegetables. From this immense variety 
of bodies it is oflen spontaneously discharged ; its great levity 
makes it rise into the superior regions of the atmosphere; and 
when, either by an electrical spark, or any casual elevation of tem- 
perature it takes fire, it may produce such meteors or luminous 
appearances as are occasionsdly seen in the atmosphere. Of this 
kind are probably those broad flashes which we oflen see on a 
liummer evening without hearing any detonation. 

Emily. Every flash, I suppose, must produce a quantity of water ? 

Caroline. And this water, naturally, descends in the. form of rain. 
. Mrs. B, That probably is often the case, though it is not a neces- 

• In making this experiment, always be careful to turn the stop- 
code, or detach the bubble completely from the pipe before it is set 
fire to ; otherwise a sad accident may happen firom the gas taking 
fire in the bladder. — C. 

f The report is owing[ to the air, rushing in to fill the vacuum, 
caused by the condensation of the two gases, and the heat extricat- 
ed at the same instant. — C. 

496. How can bubbles be made of soap and water so as to explode 
with a loud report, on setting fire to them ? 

499. To lohai is it said in we note that tlie report is owing f 
K 500. In what substance is hydrogen most abundant f 
\ 50L How may heat lightning be accounted for ^ 
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sary oonseqaence ; for the water may be dissolTed hj the atmoB 
phere, as it descends towards the lower regions, and remain there 
m the form of clouds. 

The application of electrical attraction to chemical phenomena is 
likely to lead to many very interesting discoveries in meteorology ; 
for electricity evidently acts a most important part in the atmosphere. 
This subject, however, is, as yet, not sufficiently developed for me 
to venture enlarging upon it. The phenomena of Ijie atmosphere 
are far from being well understood : and even*With tiie little uat.is 
known, I am but imperfectly acquainted. 

But before we take leave of hydrogen, I must not omit to mention 
to you a most interesting discovery of Sir H. Davy, which is con- 
nected with this subject. 

Caroline. You allude, I suppose, to the new miner's lamp, which, 
has of late been so much talked of. I have long been desirous of 
knowing what that discovery was, and what purpose it was intend- 
ed to answer. 

Mrs, B, It oflen happens in coal mines, that quantities of the gas 
called by chemists Ayrfro carbonat, or by the miners Jire damp, (the 
same from which the gas lights are obtained,) ooze out from the fis- 
sures in the beds of coal, and fill the cavities in which the men are 
at work ; and this gas being inflammable, the consequence is, that 
when the men approach those places, with a lighted candle, the gas 
takes fire, and explosions happen^ which destroy the men and horses 
employed in that part of the coUiery, sometimes in great numbers. 

Emily. What tremendous accidents these must be ! But whence 
does that gas originate ? 

Mrs. B. Being the chief product of the combustion of coal, no 
wonder that inflammable gas should occasionally appear in situa- 
tions in which this mineral abounds, since there can be no doubt 
that processes of combustion are frequently taking place at a great 
depth under the surface of the earth ; and, therefore, these accumu- 
lations of gas may arise either from combustions actually going on, 
or from former combustions, the gas having perhaps been confined 
there for ages. > 

Caroline, And how does Sir H. Davy's lamp prevent those 
dreadful explosions. 

Mrs. B. By a contrivance equally simple and ingenious ; and 
one which does no less credit to the philosophical views from which 
it was deduced, than to the philanthropic motives from which the 
inquiry sprung. The principle of the lamp is shortly this : It was 
ascertsdned two or three years ago, both by Mr. Tenant, and by Sir 
Humphrey himself, that the combustion of inflammable gas could 
not be propagated through small tubes ; so that if a jet of an in- 
flammable gaseous mixture, issuing from a bladder or any other 
vessel, through a small tube, be set fire to, it burns at the onfice of 
the tube but the flame never penetrates into the vessel. It is upon 
tlus fact that Sir Humphrey's safety lamp is founded. 

Emily. But wljy does not the flame ever penetrate through the 

502. Is it supposed that the subject of meteorology is well wider- 
stood? 
y 503. What disastrous efl^cts often happen in coal-mines .' 

604. Whence does the hydrogen gas m mines originate ? 

505. Upon what discovery of Mr. Tenant and Sir H. Davy was the 
Buner's safety lamp founded .' 
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tube into the vessel &om which the ga» issiies, bo as to explode at 
once the whole of the gas ? 

Mrs, B. Because, no doubt, the inflamed gas is so much cooled 
in its passage through a small tube as to cease to burn before the 
combustion reaches the reservoir. 

Caroline, And how can this principle be applied to the construo- 
tion of a lamp ? 

Mrs. B, Nothing easier. You need only suppose a lamp en- 
closed all round in glass or horn, but having a number of small 
open tubes at the bottom, and others at the top, to let the air in and 
out. Now, if such a lamp or lantern be carried into an atmosphere 
capable of exploding, an explosion or combustion of the gas will take 
place loithin the lamp ; and although the vent afforded by the tubes 
will save the lamp from bursting, yet from the principle just ex- 
plained, the combustion will not be propagated to the external air 
through the tubes, so that no farther consequence will ensue. 

Emily, And is that all the mystery of that valuable lamp ? 

Mrs, B. No ; in the early part of the inquiry, a lamp of this kind 
was actually proposed ; but it was but a rude sketch compared to 
its present state of improvement. Sir H. .Davy, after a succession 
of trials, by which he brought his lamp nearer and nearer to per- 
fection, at last conceived the happy idea, that if the lamp were sur- 
rounded with a wire- wick or wire-gauze, of a close texture ^ instead 
of glass or horn, the tubular contrivance I have just described 
would be entirely superseded, since each of the interstices of the 
gauze would act as a tube in preventing the propagation of explo- 
sions: so that this previous metallic covering would answer the 
various purposes of transparency, of .permeability to air and of pro^- 
tection against explosion. This idea, Sir Humphrey immediately 
submitted to the test of experiment, and the result has answered 
his most sanguine expectations, both in his laboratory and in the 
collieries where it has already been extensively tried. And he has 
now the happinessi of thinking that his invention will probably be 
the means of saving every year a number of lives, which would 
have been lost in diggijig out of the bowels of the earth one of the 
most valuable necessaries of life. Here is one of these lamps, every 
part of which you will at once comprehend. (Fig. 24.) 

Caroline, How very simple and ingenious ! but I do not yet well 
see why an explosion taking place within the lamp, should not 
communicate to the external air around it, through the interstices 
oi the wire ? 

Mrs, B, This has been, and is still a subject of wonder, even to 
philosophers ; and the only mode they have of explaining it is, that 
flame or ignition cannot pass through a fine wire work, because 
the metallic wire cools the flame sufficiently to extinguish it in 
passing through the gauze. This property of the wire gauze is 
qmte similar to that of the tubes which I mentioned On introducing 
the subject; for you may consider each interstice of the ganze as 
an extremely short tube of a very small diameter. , 

506. Why does not flame penetrate through a tube that conveys hy- 
drogen gas so as to produce an explosion ? 
'- ' 507. How would you describe the miner's lamp ? 

508. What is the use of the miner's lamp? 

509. Which figure represents the miner's lamp ' 
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Mrs. B, Tea, it is; and you theieliir^ s^adj know^ thstflid^ 
'phur is a very combustible substance. It is seldom discoyered in 
nature in a pure unmi:sed state ; so great is its affinity for othei 
substances, that it is almost constantly found combined with some 
of them. It is most commonly unitea with metals under various 
forms, smd is separated irom them by a very simple process. It 
exists,, likewise, m many mineral waters, and some vegetables yield 
it in various proportions, especially those of the cruciform tribe. 
It is also found in animal matter ; in short, it may be discovel^d in 
greater or less quantity in the mineral, vegetable, and animal 
kingdosis.* 

Enukhj, I have heard oiflovyers of sidphur, — are they the produce 
of any plant ? 

Mrs. B. By no means ; they consist of nothing mc»e than com- 
mon sulphur, reduced in a very fine powder by a process called 
sublimation. You see some of it in .this phia:! ; it is exactly the 
same substance as the lump of sulphur, onl^r its color is a paler 
yellow, owing to its state of very minute division. 
Ermiy. Pra^y ? what is sublimation ? 

Mrs. B. It is the evaporation, or more properly speaking, the 
volatilization of solid substances, which, in cooling, condense again 
into a concrete form. The process, in this instance,, must be per- 
formed in a closed vessel, both to prevent combustion, which would 
take ]^lace if the access of air were not carefully precluded, and 
likewise, in order to collect the substance after the operation. As it 
is rather a slow process we shall not try the experiment now ; but 
TOtt will, understand it perfectly if I show you the apparatus used 
for the purpose, (fig. 25.) Some lumps of sulphur are put into a 
Fig, 25. receiver of this kind, which is caUed a cu* 

curhU. Its shape, you see, somewhat resem- 
bles that of a pear, and is open at the top^ 
so as to adapt itself exactly to a kind of con- 
ical receiver of this sort, called the head. 
The cucurbit, thus covered with its head 
is placed over a sand-bath ; this is nothing 
more than a vessel full of sand, which is 
kept heated by a furnace, such as you see 
here, so as to preserve the apparatus in a 
moderate and uniform temperature. The 
sulphur then soon begins to melt, and im- 
mediately after this, a thick white smoke 
rises, which is gradually deposited within 
the head, or upper part of the apparatus, 
where it condenses against the sides, some* 
what in the form of vegetation, whence it 
Bmi^on of sJiCur. ^. obtained the name of flowere of sulphw. 
A.iMembk. B. 8and-^ath. This apparatus, which is called an tuembic^ 
c. Famace. is highly useful in all kinds of distillations, 

* The sulphur oif commerce is chiefly obtained in the vicinity of 

512. In what may it be found ? 

513. How dcPthe flowers . of euljj^ux differ firom sulphur in a solid state ? 
514- What is sublimation ? 

515. What does %aie 95 represent? 

616. From what is the name << Floweni of Sulphur," derived? 
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aB you win see when we Qome to tieat of those operatioiiB. Alem- 
hies are not oommonly made of glass, like this, which is appUcahle' 
oidy to distillation upon a very small scale. Those used in manu- 
fiictures, are generally made of copper, and axe of course consid- 
erably larger.' The general construction, however, is always the 
Bame^lthough their shape admits of some variation. 

Carmine. What is the use of that neck, or tube, which bends 
down from the upper pieoe of the apparatus ? 

Mrs, B. It is of no use in sublimations ; but in distillations, (the 
ffeaeral object of which is to evaporate, by heat, in closed vessels, 
uie volatile parts of a compound body, and to condense them again 
into a liquid,) it serves to carry off the condensed fluid, which 
otherwise would fall back into the cucurbit. But this is rather 
foreign to our present subject. Let us return to the sulphur. 
You now perfectly understand, I suppose, what is meant by sub- 
limation? 

JEmity. I believe I do. Sublimation appears to consist in de- 
stroying by means of heat, the attraction of aggregation of the 
particles oi a solid body, which are thus volatilized ; and as soon as 
they lose the caloric which produced that efiect, they are deposited 
in the form of a fine powder. 

Caroline, It seems to me to be somewhat similar to the trans- 
formation of water into vapor, which returns to its liquid state 
when deprived of caloric. 

Emily, There i»this difference, however, that the sulphur does 
not return to its former state, since instead of lumps, it changes to 
a fine powder. 

Mrs. B. Chemically speaking, it is exac^ the same substance^ 
whether in the form of lump or powder. For if this powder be 
melted again by heat, it will, iu cooling, be restored to the &ame 
solid state in which it was before its sublimation. 

Caroline. But if there be no real change produced by the subli- 
mation of the sulphur, what is the use of that operation ? 

Mrs. B. It divides the sulphur into very minute parts, and thus 
disposes it to enter more readily into combination with other bodies. 
It IS used also as a means of purification. 

Caroline. Sublimation appears to me like the beginnings of com- 
bustion, for the completion of which one circumstance only is 
wanting, the absorption of oxygen. 

Mrs, B. But that circumstance is every thing. No essential 
alteration is produced in sulphur by sublimation ; whilst in combus- 
tion it combinee with the oxygen, and forms a new compound totally 
different in every respect from sulphur in its pure state. We shall 
now hum some sulphur, and you will see how very different the re- 

voleanoes, or in volcanic countries, where it is brought up from^ the 
bowels of the earth by sublimation. An inferior kind is obtained 
by the distillation of pjrrites. — C. 

517. What effect is produced if the flowers of sulphur are melted? 

518. If no real change is produced by the sublimation of . sulphur^ 
what is the use of that operation .' 

519. What is the difference between the sublimation and combustioii 
of sulphur ^ 

520. If solphur is burnt, what will be the fesolt? 
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.salt i/vill be. Fdr this purpose I put a small quantity of flowers pf 
sulphur into this cup, and place it in a dish, into which I haye pour- 
ed a little water ; I now set fire to the sulphur with the point of this 
hotwire; for its combustion will not begin unless its temperature 
be considerably raised. You see that it burns with a faint bluish 
flame ; and as' 1 invert over it this receiver, white fumes arise from 
the sulphur, and fill the vessel. You will soon perceive that the 
water is risinffwithin the receiver, a little above its level in the 
plate. Well, Emily, can you account for this ? 

Emily, I suppose that the sulphur has absorbed the oxygen from 
the atmospherical air within the receiver, a|^d that we shall find 
some oxygenated sulphur in the civp. As for the white smoke, I 
am quite at a loss to guess what it may be. 

Mrs, B. Your first conjecture is very right ; but you are mis* 
taken in the last ; for nothing will be left in the cup. The white 
vapor is the oxygenated sulphur, which assumes the form of an 
^ftstic fluid of a pungent and offensive smell, and is a powerful acid. 
Here you see a chemical combination of oxygen and sulphur, pro- 
ducing a true gas, which would continue such under the pressure 
and at the temperature of the atmosphere, if it did not unite with 
the water in the plate, to which it imparts its acid taste, and all its 
acid properties. You see now with what curious efibcts the com- 
bustion of sulphur is attended. 

Caroline. This is something quite new ; and I confess that I do 
not perfectly understand why me sulphur turns acid. 

Mrs. B. It is because it unites with the oxygen, which is the 
acidifying principle. And indeed, the word oxygen is derived firom 
two Ureek words signifying to produce an add. 

Caroline. Why, then, is not water which contains such a quanti- 
ty of oxygen, acid ? 

Mrs. B. Because hydrogen, which is the other constituent of 
water, is not susceptible of acidification. I believe it will be neces- 
sary before we proceed forther, to say a few words on the general 
nature of acids, though it is rather a deviation from our plan of 
examining the simple bodies separately , before we consider them in' 
a state of combustion. 

Acids may be considered as a peculiar class of burnt * bodies, 
which during their combustion or combination with oxygen, have 
acquired very characteristic properties. They are chiefly discerni- 
ble by their sour t.aste, and by turning red most of the blue vegeta- 
ble colors' T'vii^ two properties are common to the whole class 
of* adxis Du. ^\ch of them is distinguished by other peculiar qual- 
ities. klYtty acid consistr M some peculiar substances, (which 

* This might mislead the btudert. The acids are not all of them 
formed by burning. All the ve^^table adds, as th^ citric, malic, 
&c. exist ready rormed : some of them are oontaiodd in firuits, as 
in lemons, apples, &c.^U. 

521. What is the acidifying ;ariiicipie ^ 

522. What does the term oxjgen signify ? 

523. If oxygen is the acidifying principle, why does Aot water 
acid, ranee it contains so much of that gas ' 

SSU. Of what do acids conaiBt? 

19 
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coDBtitates its basis, and is different in each,) and of Qzygen* wfaieb 
is common to them all. . « . 

Emify. But I do not clearly see the difference between acids and 
oxyds. 

Mrs, JS» Acids were in fact oxyds, which, by the addition of a 
certain quantity of oxygen, have been conyerted into acids. For 
acidification, you must observe always implies preyious oxydation, 
as a body mast hare combined with the quantity of oxygen requisite 
to constitute it an oxyd, before it can combine with the greater 
quantity which is necessary to render it an acid. 

Caroline, Are all oxyds capable of being converted into acids ? 

Mrs. B. Very far from it ; it is only certain substances which 
will enter into that peculiar kind of union with oxygen, that produ- 
ces acids, and the number of these is proportionsdly very small; 
but all burnt bodies may be considered as belonging either to the 
class of oxyds, or that of acids. At a future period, we shall entei 
more at lar^e into this subject. At present, I have but one ci^ 
cumstance further to point out to your observation respecting 
acids ; it is, that most of them are susceptible of two degrees of 
acidification, according to the different quantities of oxygen with 
which their bases combine. 

Emily, And how are these two degrees of acidification distin 
guished. 

Mrs, B, By the peculiar properties which result from them.-;* 
The acid we have iust made is the first or weakest degree of acidi- 
fication, and is called sulphureous acid — ^if it were fully saturated 
with oxygen, it would be called sulphuric acid. You must there- 
fore remember, that in this, as in all acids, the first degree of acidi- 
fication is expressed by the termination in wis — ^the stronger by the 
termination in ic, 

Caroline. And how is the sulphuric acid made ? 

Mrs, B, By burning sulphur over water, in pure oxygen gas, 
and thus rendering its combustion much more complete. I have 
provided some oxygen gas ittr this purpose ; it is in that bottle, but 
we must first decant the e^as into the glass receiver which stands on 
the shelf in the bath, and is full of water. 

Caroline, Pray, let me try to do it, Mrs. B. 

Mrs, B, It requires some little dexterity — ^hold the bottom com- 
pletely under water, and do not turn the mouth upwards, till it is 
mimediately under the aperture in the shelf through which the gas 
is to pass into the receiver, and then turn it up gi^ually. Very 
well ; you have only let a few bubbles escape, and that must be 
expected at a first trial. Now I shall put this piece of sulphur into 
the receiver, through the opening at the top, and introduce along 
with it a small piece of lighted tinder to set fire to it.. This re- 
quires to be done very quickly, lest the atmospherical air should 
obtain entrance, and mix with the pure oxygen gas. 

EmUy. How beautiful it bums ! 

Caroline. But it is already buried in the thick vapor. This, I 
suppose, is sulphuric acid ? 

6S5. What is the difference between oxyds and acids? 
586. Are all oxyds capable of becoming acids .' 
527. What is tlie difierence between suTphuieoiis acidf and sulphurio 
acids ? 526. How is salphmic acid obtained ? 
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JEnUfy, Are these acids always in a ^aseoas state ? 

Mrs. B. Sulphureous acid, as we nave already ohserved, is a 
jpermanent gas, and can be obtained ih a liquid form only by con- 
densing it in water. In its pure state, the sulphureous acid is in- 
visible, and it now appears in the form of a white smoke, from -its 
combining with the moisture. But the vapdr of the sulphuric acid,, 
which you have just seen to rise during the combustion, is not gas, 
Dut only a vapor, which condenses into liquid sulphuric acid, by 
losing its caloric. It appears, however, from Sir H. Davy's exper- 
iments, that- this formation and condensation of sulphuric acid, 
requires the presence of water, for which purpose, the vapor is 
received into cold water, which may afterwards be separated from 
the acid by the evaporation. 

Sulphur has hitherto been considered as a simple substance ; but 
Sir Ht Davy has suspected that it contains a small portion of hydro- 
gen, and perhaps also of oxygen. 

On submitting sulphur to the action of a Voltaic battery, he ob- 
served that the negative wire gave out hydrogen ; and the existence 
of hydrogen in sulphur was rendered still more probable by his 
observing that a small quantity of water was produced during the 
combustion of sulphur. 

Emily. And pray of what nature is sulphur when perfectly pure ? 

Mrs. -B. Sulphur has probably never been obtained perfectly free 
from combination, so that its radical may possibly possess properties 
very different from those of common sulphur. It has been suspected 
to be of a metallic nature ; but this is mere conjecture. 

Before we quit the subject of sulphur, I must tell you that it is 
susceptible of combining with a great variety of substances, and 
especially with hydrogen, with which you are already acquainted. 
Hydrogen gas can dissolve a small portion of it. 

EmUy. What ! can a gas dissolve a solid substance ? 

Mrs. B. Yes ; a solid substance may be so minutely divided by 
heat, as to become soluble in gas ; and of this there are several in- 
stances. But you must observe, that, in the present case, a chemi- 
cal union or combination of the sulphur with the hydrogen gas is 
E reduced. In order to effect this, the sulphur must be strongly 
eated in contact with the gas ; and the heat reduces the sulphur to 
such a state of extreme division, and diffuses it so thoroughly with 
• the gas, that they combine and incorporate together. And as a 
proof that there must be a chemical union between the sulphur and 
the gas, it is sufficient to remark that they are not separated when 
the sulphur loses the caloric by which it was volatilized. Besides, 
it is evident, from the peculiar fetid smell 'of this gas, that it is a 
new compound, totally different from either of its constituents ; it is 
called sulphuretted hydrogen gas^ and is contained in great abun- 
dance in sulphureous mineral wateis. 

Caroline. Are not the Harrogate waters of this nature ? 

— - ■ 

529. Are sulphureous and sulphuric acids alwavs in a graseous state i 

530. What was Sir H. Davy's opinion concermag sulphur? 

531. What is sulphur in its pure state ? 
533. Can a gas dissolve a solid substance f 

533. How can it be done .'* 

534. How is it known that the union between hydrogen gas and soP 
phur is a chemical anion .' 

.535. What is the product of this union ? 
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Mrs, B, Yes ; they are naturally impregnated with sulphuretted 
hydrogen gas, and there are many other springs of the same kind, 
which show that this gas must oflen he formed in the howels of the 
earth by spontaneous processes of nature. 

Caroline. And could not such waters be made artificially by 
imoregnating common water with this fas ? 

Mrs. B. Yes ; they can be so well imitated, as perfectly to 
resemble the Harrogate waters. 

Sulphur combines likewise with phosphorus, and with the alkalies, 
and allcaline earths, substances with which you are yet unacquaint- 
ed. We cannot, therefore, enter into these combinations at present. 
In our next lesson we shall treat of phosphorus. 

Emily. May we not begin that subject to day ; this lesson ha» 
been so short ? 

Mrs. B. I have no objection, if you are not tired. What do you 
say, Caroline ? 

Caroline. I am as desirous as Emily of prolonging the lesson to- 
day, especially as we are to enter on a new subject ; for I confess 
that sulphur has not appeared to me so interesting as the other 
simple bodies. 

Mrs. B. Perhaps you may find phosphorus more entertaining* 

Fou must not, however, be discouraged when you meet with some 

parts of a study less amusing than others ; it would answer no good 

purpose to select the most pleasing parts, since, if we did not pro- 

I ceed with some method, in order to acquire a general idea of the 

, whole, we could scarcely expect to take interest in any paorticulai 

I subjects. 

\ -^ PHOSPHORUS. 

Phosphorus isconsidered as a simple body ; though, like sulphur, 

I it has been suspected of containinff hydrogen. It was not known by 

[ the earlier chemists. It was first discovered by Brandt, a chemist oi 

Hamburgh, whilst employed in researches after the philosopher's 

I stone ; but the method of obtaining it, remained a secret till it was a 

i second time discovered both by Kunckle and Boyle, in the year 1680. 

I You see a specimen of phosphorus in this phial ; it is generally 

I moulded into small sticks of a yellowish color, as you find it here. 

1 Caroline. I do not understand in what the discovery consisted : 

( there may be a secret method of making an artificial composition ; 

i but how can you talk of making a composition which naturally exists ? 

Mrs, B. A body may exist in nature, so closely combined with 

other substances, as to elude the observation of chemists, or render 

it extremely difiicult to obtain it in its separate state. This is the 

case with phosphorus, which is so intimately combined with oAer 

substances, that its existence remained unnoticed till Brandt dis* 

covered the means of obtaining it free from other combinations. 1* 

is found in all animal substances, and is now chiefly extracted firooB 

' 536. What is there which shows that this gas is sometimes fotm^d 

spontaneously in the bowels of the earth ? 
^ 637. By whom was phosphorus discovered ? 

538. What is the appearance of it? 
-^ 539. How is phonDhoros obtained ? 
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bones by a chemical process. It exists also in some plants, that bear 
a strong analogy to animal matter in their chemical composition. 

Dmify. But is it never found in its pure separate state ? 

Mrs. B, Never ; and this is thjs reason why it remained so long 
undiscovered. ^ 

Phosphorus is eminently combustible ; it melts and fakes fire at 
the temperature of one hundred degrees^ and absorbs in its combus- 
tion, nearly once and a half its own weight of oxygen. 

Caroline. What ! will a pound of phosphorus consume a pound 
and a half of oxygen ? 

Mrs. B. So it appears from accurate oxperiments. I can show 
you with what violence it combines with oxygen, by burning some 
of it in that gas. We must manage the experiment in the same 
manner as we did the combustion of sulphur. You see I am obliged 
to cut this little bit of phosphorus under water, otherwise there 
would be danger of its taking fire by the heat of my fingers. I 
now put it into the receiver, and kindle it by means of a hot wire. 

Emily. What a blaze ! I can hardly look at it. I never saw any 
thing so brilliant. Does it not hurt your eyes, Caroline ? 

QnroUne. Yes ; but still I cannot help koking at it. A prodi- 
gious quantity of oxygen must, indeed, be absor&d, when so much 
ught and caiosic are disengaged I 

Jdrs. B. In the combustion of a pound of phosphorus, a sufficient 
quantity of caloric is set free, to melt upwards of a hundred pounds 
of ice ; this has been computed by direct experiments with the ca- 
lorimeter. 

' Emily. And is the resukof this combustion, like that of snlphiH^ 
■ an acid ? 

Mrs^ B. Yes ; phosphoric acid. And had we duly proportioned 
the phosphorus and the oxygen, they would have been completely 
converted into phosphoric acid, weighing, together, in this new state, 
exactly the sum of their weights separately. The water would have 
ascended into the receiver, on account of the vacuum formed, and 
would have filled it entirely. In this case, as m the combustion of 
sulphur, the acid vapor formed is absorbed and condensed in the 
water of the receiver. But when this combustion is performed with- 
out any water or moisture being present, the acid then appears in 
the form of conciete whitish fiakes, which are, however, extremely 
ready to melt upon the least admission of > moisture. 

Eimily. Does phosphorus, in burning in atmospherical air, pio- 
duce like sulphur, a weaker sort of the same acid? 

Mrs. B. No ; but it burns in atmospherical air, nearly at the 
same temperature as in pure oxygen gas ; and it is in both cases so 
fitrongly disposed to combine with the oxygen, that the combustion 
is perfect, and the product similar : only in atmospherical air, being 
less rapidly jBuppUed with oxygea, the process is performed in a 
filow manner. 

^ 540. Why was it for a long time iindiscovered ? 
. j^ 541. At what tem|»erature will it melt and take fire ? 

542. What proportion of oxygen will phosphorus consume, compared 
with its own weight? 

542^ How much caloric will the combustion s£ a pound of phosph^ 
ma set free ? 
\ 544. What is the result of the combustion of phosnhoms.' 
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CaroUne. Bat is l^ere no method of acidifying pbospkonis in a 
sUehter manner, so as to form phosphorus acid ? 

Mrs. B, Yes, there is. When simply exposed to the atmoephevo, 
phosphorus widergoes a kind of slow combustion at any temperatuie 
above zero. 

Emily. Is not the process in this case rather an oxidation than 
a combination? For if the oxygen is too slowly absorbed for a 
sensible quantity of light and heat to be disengaged^ it is not a tree 
combustion. 

Mrs. B. The case is not as you suppose ; a faint light is emitted, 
which is very discernible in the dark ; but the heat evolved is not 
sufficiently strong to be sensible ; a whitish vapor arises from this 
combustion, which, uniting with water, condenses into liquid phos- 
phorus acid. 

CaroUne. Is it not very singular that phosphorus should bum at 
so low a temperature in atmospherical air, whilst it does not bum 
in pure oxygen, without the application of heat? 

Mrs. B. So it at first appears. But this circumstance seems to 
be owing to the nitrogen gas of the atmosphere. This gas dissolves 
small particles of phosphorus, which bein^ thus minutely divided 
and diffused in the atmospherical air, oonibines with the oxygen, 
and undergoes this slow combustion. But the same effect does not 
take place in oxygen gas, because it is not capable of dissolving 
phosphorus ; it is therefore necessary, in this case, that heat should 
pe applied to efifeot that division of particles, which, in the former 
instance, is produced by the nitrogen. 

Emily. I have seen letters written with phosphorus, which are 
invisible by day light, but may be read in the dark by their own 
light. They look as if they were written with fire ; yet they do 
not seem to bum. 

Mrs. B. But they do really burn ; for it is by their slow combus- 
tion that the light is emitted ; and phosphoras acid is the result of 
this combustion. 

Phosphorus is sometimes used as a test to estimate the purity of 
atmospherical air. For this purpose, it is burnt in a graduated tube, 
called an Eudiometer, (fig. 26,) and the proportion of oxygen in the 
air examined is deduced from the quantity of air which Fig. 26. 
the phosporus absorbs ; for the phosphorus will absorb Eadiometer. 
all the oxygen, and the nitrogen alone will remain. ^ — ^ 

Emily. And the more oxygen is contained in the at- p=] 
mosphere, the purer, I suppose, it is esteemed ? 

Mrs. B. Certainly. Phosphorus, when melted, com- 
bines with a great variety of substances. With sulphur, 
it forms a compound so extremely combustible that it 
immediately takes fire on coming in contact with the air. 
It is with this composition that phosphoric matches are 
prepared which kindle as soon as they are taken out of 
their case, and are exposed to the air. 

545. Why will phosphorus burn at bo low a temperature in atmos- 
pherical air, when it does not burn in pure oxygen without the appli- 
cation of beat ? 
X 546. For what is phosphorus sometimes used ? 

547. What instrument is used for this purpose, and how is the pmritf 
of the air ascertained by it } 
X648. How are phosphoric matches made ? 



C9 



Emik^. I have & box of these corioim matches ; but I hav« ob> 
served that in very oold weather, they will not take fire without 
be» preYiously rubbed. ^ 

Jmrs. B, By nibbing them you raise their tempwature ; for yon 
know, friction is one of the means of extricating heat. 

Dnufy. Will phosphorus, like sulphur, combine with hydrogien 
gas? 

Mrs.B. Yes; and th« compound gas which results from ibis 
oomhination has a smell still more fetid than the surphuretted hy* 
drogen : it resembles that of garlic. 

The phosphoretted hydrogen gas has this remarkable peculiarity, 
that it takes fire spontaneously in the atmosphere at any tempera- 
ture. It is thus, probably, that are produced those transient flames 
or flashes of light, called by the vulgar, Will-of4hs-Wispf or more 
properly, Ignes^aiui, which are often seen in church-yards, and 
places where the putrefiustions of animal matter exhale phosphorus 
and hydrogen gas. 

OafoUne, Country people who are so much frightened by those 
appearances, would soon be reconciled to them if they knew from 
what a simple cause they proceed. 

Mrs. B, There are other combinations of phosphorus that have 
also very singular properties, particidarly that which results from 
its union with lime. 

Emity, Is there any name to distinguish the combination of two 
substances, like phosphorus and lime, neither of which are oxygen, 
and which cannot therefore produce either an oXyd or an acid ? 

Mr$. B. The names of such combinations are composed from 
those of their ingredients, merely by a slight change in their ter- 
mination. Thus, the combination of sulphur with lime is called a 
iulphuret, and that of phosphorus, a phosphuret ofHme,* This latter 

* Phosphuret of lime is a very curious substance. To make it, 
take a thm glass tube, 6 or 8 inches long, and less than half an inch 
in diameter; if it is closed at one end, so much the better, but a 
cork will do. Near the closed end put a piece of phosphorus half 
an inch lon^. Then put in by means oi a stick or wire, holding 
the tube horizontally, thirty or forty pieces of newly burned quick 
lime, about the size of split peas, letting the lowest remain two or 
three inches from the phosphorus. Then stop the other end of the 
tube loosely, and place the part containing the quicklime in a bed 
of charcoal, so contriving it that a candle or red hot iron can be 
brought under the part where the phosphorns lies.. Kindle a fire 
by means of bellows, and heat the lime red hot, without melting 
the phosphorus, which may be kept cool by a wet rag : when thia 
is done, bring the hot iron or candle under the phosphorus, so as to 
make it pass through the quicklime in the form of vapor. Cork 
up the phosphuret of lime for use. — C. 

649. Will phosphoruB combine with hydrogen f 

650. What remarkable peculiarity has phosphoretted hydrogen gas ' 
> 551. How is it supposed that the iffnes-fatm are produced ? 

- 558. What is the combination of '^osphorns witn lime, called ? 
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oomponnd, I was goiag to sa^, has the fliBgdar pTopeity of de- 
oomposiiig water, merelT by bein^ thrown into it. it efiects this by 
absorbing the oxygen of water, in oonseqaenoe of which, bobbkii 
of hydrogen gas ascend, holding in solution a small quantity of 
phosphorus. 

Emify. These bubbles then are fhaspharetud hydrogen gast 

Mrs. B. Yes ; and they produce the singular appearance of a 
4ash of fire issuing from water, as the bubbles kindjEe and detonate 
on the surfiice of the water, at the instant that they come in contact 
with the atmosphere. 

Caroline. Is not this efiect nearly similar to that produced by the 
combination of phosphorus and sulphur, or, more properiy speak- 
ing, the phosgkwret of suipkur ? 

Mrs. B. Yes ; but the phenomenon appears more extraordinary 
in this case, from the presence of water, and from the gaseous form 
of the combustible compound. Besides, the experiment surprises 
by itB great simplicity. Ton only throw a piece of phosphuret of 
lime into a glass of water, and bubbles ai fire will immediately 
issue from it. 

CaroUne. Cannot we try the experiment ? 

Mrs. B. Very easily; but we must do it in the open air; for 
the smell of the phosphoretted hydrogen gas is so extremely fetid, 
that it would be intolerable in the house. But before we leave the 
room, we may produce by another process, some bubbles of the 
same gas, which are much less ofifensive. 

There is in this little glass retoit a solution of potash and water ; 
I add to it a small piece of phosphorus. We must now heat the 
retort over the lamp afier having engaged its neck under water— 
you see it begins to boil ; in a few minutes bubbles will appear, 
which take fire and detonate as they issue from the water. 

CaroHne. There is one — and another. How curious it is! — ^But 
I do not understand how this is produced. 

Mrs. B. It is the consequence of a display of affinities too compli- 
cated, I fear, to be made perfectly intelligible to you at present. 

In a few words, the reciprocal action of the potash, phosphorus, 
caloric, and water are such, that some of the water is decomposed, 
and the hydrogen gas thereby formed carries off some minute par- 
ticles of phosphorus with which it forms phosphoretted hydrogen 
gas, a compound which spontaneously taJces fire at almost any 
tenwerature. 

Emibf. What is that circular ring of smoke whieh slowly rises 
from each bubble alier its detonation ? ^ 

Mrs. B. It consists of water and phosphoric acid in vapor, which 
are produced by the combustion of hydrogen and phosphorus. 

553. What sinffolw pecttliarity has the phosphuret of lime ? 

554. What will be the consequence if a piece of phosphuret of lime 
is thrown into the vrater? 

553. Why is it necessary that this experiment be made in the open 
air? 

556. What will be the consequence if phosphorus he added to a solu- 
tion of potash and water, and the whole Lealed over a fire .' 
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CONYERSATIOFf IX. 

\ ON>CtI.RBON. 

CcaroUne, To-day, Mrs. B., I believe we are to leatn the nature 
«Bd properties of carbon. This substance is quite new to me ; I- 
never heard it mentioned before. 

Mrs, B, Not so new as yon imagine ; for carbon is nothing 
more than ehareoal in a state of purity, that is to say, unmixed with 
way foreign ingredients. 

CaroUne. But ehareoal is made by art, Mrs. B., and how can a 
body eonosting of one simple substance be fabricated ? 

Mrs. B. You again confound the idea of making a simple body 
with that of separating it from a compound. The chemical process- 
es by which a simple body is obtained in a state of purity, consist 
in unmaking the compound in which it is contained, in order to 
sef^urate from it the eimple substance in question. The method by 
which charcoal is usually obtained, is, indeed, commonly called 
making it ; but upon examination, you will find this process to con- 
sist simply in separating it from other substances with which it is 
.found oombiiied in nature. 

Carbon forms a considerable part of the solid matter of all organ- 
ized bodies ; but it is most abundant in the vegetable creation, and 
it is chiefly obtained from wood. When the oil and water (which 
are other constituents of vegetable matter) are evaporated, the 
black, porous, brittle substance that remains, is charcoal. 

Caroline. But if heat be applied to the wood in order to evaporate 
the oil and water, will not the temperature of charcoal be raised so 
88 to make it burn ? and if it combines with oxygen, can we any 
longer call it pure ? 

Mrs. B. I was going to add, that, in this operation, the air must 
be excluded. 

Caroline. How then can the vapor of oil and water fly off? 

Afrs. B. In order to produce charcoal in its purest state (which 
is, even then, but a less imperfect sort of carbon,) the operation 
should be performed in an earthen retort. — ^Heat beinff applied to 
the body of the retort, the evaporable part of the wood will escape 
through its neck, into which no air can penetrate, as long as me 
heated vapor continues to fill it. And if it be wished to collect^these 
volatile product^ of the wood, this can easily be done by introducing 
the neck of the retort into the water bath apparatus, with which you 
are acquainted. But the preparation of common charcoal, such as 
is used in kitchens and manufactures, is performed on a much larger 
scale, and by an easier and less expensive process. 

Emily. 1 have seen the process of making charcoal. The wood 
is ranged on the ground in a pile of a pyramidicaJ form, with a fire 
nndemeath ; the whole is then covered with clay, a few holes only 
being left for the circulation of air. 

557. What is carbon ? 
/, 558. In what coii9ist8 the chemical process by which a simple body 
' is obtained in a state of purity P 
J' 669. In what is charcoal found in most abundance ? 
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Mn, B, These holes ave closed as soon as the wood is fairly light- 
ed, so that the combustion is checked, or at least continues but in a 
■Very imperfect manner ; but the heat produced by it is sufficient to 
force out and volatilize, through the earthy cover, most part of the 
oily and watery principles of the wood, although it cannot reduce it 
to ashe& 

EmUy. Ispure carbon as black as charcoal ? 

Mrs, B» The purest carbon we can prepare is so ; but chemisti 
have never yet been able to separate it entirely from hydrogen. Sir 
H. Davy says, that the most perfect carbon that is prepared by art 
contains about five per cent, of hydrogen ; he is ot opmion Umt if 
we could obtain it quite free from foreign ingredients, it would be 
metallic, in common with other simple substances. 

But there is a form in which charcoal appears, that I dare say will 
surprise you. This ring, which I wear on my finger, owes its biilr 
liancy to a small piece of carbon. 

Caroline. Surely you are jesting, Mrs. B. 

Emib/. I thought your ring was diamond. 

Mrs, B. It is so. But diamond is nothing more than carbon in a 
crystallized state. 

EmUy. That is astonishing ! Is it possible to see two things ap- 
parently more different than diamond and charcoal ? 

Caroline, It is indeed, curious to think that we adorn ooiselves 
with jewels of charcoal ! 

Mrs* B, There are many other substances, consisting chiefly of 
carbon, ^at are remarkably white. Cotton, for instance, is almost 
wholly carbon. 

Caroline. That, I own, I could never have imagined ! But piay, 
Mrs. B.f since it is known of what substance diamond and cotton 
are composed, why should they not be manufactured, or imitated, 
by some chemical process, which would render them much cheaper, 
and more plentiful than the present mode of obtaining them ? 

Mrs, B, You might as well, my dear, propose that we should 
make flowers and fruit, nay, perhaps, even animals by a chemical 
process ; for it is known of what these bodies consist, since every 
thing which we are acquainted with in nature is formed from the 
various simple substances that we have enumerated. But you must 
not suppose that a knowledge of the component parts of a body will 
in every case enable us to imitate it. It is much less difficult to de- 
compose bodies, and discover of what materials they are made, than 
it is to recompose them. The first of these processes is called analj/' 
sis, the last, synthesis. When we are able to ascertain the nature 6f 
a substance by both these methods, so that the result of one confirms 
that of the other, we obtain the most complete knowledge of it that 
we are capable of acquiring. This is the case with water, "nith the 
atmosphere, with most of the oxyds, acids, and neutral salts, and with 

560. How is charcoal in its purest state produced ? 
. 561. What is the comroon method of producing charcoal ? 

5612. What did Sir H. Davy suppose carbon would be, if free fipom 
foreign ingredients ? 

6^. What does charcoal become on being crystallized ? 

564. What white substance is there, consisting chiefly of carbon ? 

565. What is to be understood by the tenns analysis and synthesis as 
used by chemists ? 
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man^r Other oompoands. But the more oomplicated oomhinations 
c^ nature, even in the mineral kingdom, are m general beyond our 
reach, and any attempt to imitat^organized bodies must eyer prove ' 
frui^ess; their formation is a secret which rests in the bosom ^f the 
Creator. You see, therefore, how vain it would be to attempt to 
ma^e cotton by diemical means. But, surely, we have no xeason to 
re^et our inability in this instance, when nature has so clearly 
pomted out a method of obtaining it in perfection and abundance. 

Qtroline, I did not imagine that the principle of life could be im- 
itated by the aid of chemistry , but it (ud not appear to me absurd 
to suppose that chemists might attain a perfect mutation of inani- 
mate nature. 

Mrs, B, They have succeeded in this point in a variety of instan- 
ces ; but, as you justly observe, the principle of life, or even the 
minute and intim'.te organization of the vegetable kingdom, are se- 
crets that have almost entirely eluded the researches of philoso- 
phers ; nor do I imagine that human art will ever be capable of in- 
vestigating them with complete success. 

Eniily, But diamond, since it consists of one simple, unorganized 
substance, might be, one would think, perfectly imitable by art. 

Mri^ B, It is sometimes as much beyond our power to obtain a 
simple body in a state of perfect purity, as it is to imitate a compli- 
cated combination ; for the operation by which nature separates 
bodies are frequently as inimitable as those which she uses for their 
combination. ' This is the case with carbon : aU thd efforts of ehem- 
ists to separate it entirel^r from other substances have been fruitless, 
and in the purest state in which it can be obtained by art, it still 
retains a portion of hydrogen, and probably of some other foreign 
ingredients. We are ignorant of the means which nature en^)loy8 
to crystallize it. It may probably be the work of ages, to puri^, 
arrange, and unite the particles of carbon in the form of a diamond. 
Here is some charcoal, in the purest state we can procure it ; you 
see that it is a very black, brittle, light, porous substance, entirely 
destitute of either taste or smell. Heat, without air, produces no 
alteration in it, as it is not volatile ; but on the contrary, it invari- 
ably remains at the bottom of the vessel, after all the other parts of 
the vegetables are evaporated. 

JSrmiy. Yet carbon is, no doubt, combustible, since you say that 
charcoal would absorb oxygen, if air were admitted during its pre- 
paration. 

Caroline, Unquestionably. Besides, you know, Emily, how much 
il is used in cooking. But pray, what is the reason that charcoal 
9wnB without smoke, whilst a wood fire smokes so much ? 

Mrs, B, Because, in the conversion of wood into charcoal, the 
volatile particles of the former have been evaporated. 

Caroline, Yet I have frequently seen charcoal burn with flame ; 
ihereifore, it must, in that case, contain some hydro^en< 

Mrs, B, You should recollect that charcoal , especially that which 
is used for common purposes, is not perfectly pure. It generally 

566. In what cases is obtained the most perfect knowledge of th« 
nature of compound bodies ? 

567. Have means ever been discovered to crystallize carbon ? 

568. What is the reason that charcoal bums without smoke ? 
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retaiBB aomeieiiiiiiift of tke TaiioQ8> otksr e o m p ^aal par^ of ^nff- 
etables, and hydrogen paiticolady, which aecounta for the flune m 
question. • 

Oar0line» But what becomes of the- carbon itself daring its oobh 
bastion? 

M^s^ B% It gmdaally combines with the oxygen of the atmos* 
phaie, in the same way as sulphur and phosfthorns, and, bke thofle 
substanoes, it is oonyerted into a peeoliaif acid, which flies off in a 
gaseous form. There is this difference, however, that the acid is 
not, in this instance, as in the two cases just mentioned, a mere 
condensible vapor, but a permanent elastic fluid, which always 
remains in the state of a ^, under any pressure and at any tem- 
perature. The nature of this acid was first aseertained by Dr. Black, 
of Edinburgh ; and, before the introduction of the new nomenclsr 
ture, it was palled fixed air. It is now distinguished by the wan 
appropriate name of carbonic add gas, 

^nufy. Carbon, then, can be volatilized by burning, though by 
heat alone, no such effect is produced ? 

Mr$. B, Yes ; but then it is no longer simple carbon, but an add 
of which carbon forms the basis. In this state, carbon retains no 
more appearance of solidity or corporeal form than the basis of any 
other eas. And you may, I think, from this instance, derive a more 
clear idea of the basis of the oxygen, hydrogen, and nitrogen gases, 
the existence of which, as real bodies, you seem to doubt, because 
they were not to be obtained simply in a solid form. 

tynih/. That is true ; we may conceive the basis of the oxvgea 
and of the other gases, to be solid, heavy, substances, lite carbon; 
but so much expanded by caloric as to become invisible. 

Caroline, But does not the carbonic acid gas partake of the 
blackness of charcoal ? 

Mrs, B, Not in the least. Blackness, you know, does not ap^ 
pear to be essential to carbon, and it is pure carbon, and notcbai^ 
coal, that we must consider as the basn of carbonic acid. We shall* 
make some carbonic acid, and, in order to hasten the proceas, we 
shall bum the carbonic in oxygen gas. 

Emily, But do you mean, then, to bum diamond ? 

Mrs. B, Charcoal will answer the. purpose still better, being 
softer and more easy to inflame ; besides the experiments on dia- 
mond are rather expensive. 

Caroline, But is it possible to bum diamond ? 

Mrs, B, Yes, it is ; and in order to effect this combustion, noth- 
ing more is required than to apply a sufficient degree of heilt, bj 
means of the blow-pipe, and of a stream of oxygen gas. Indeed, it 
is by burning diamond that its chemical nature has been ascertained. 

569. From what does the flame in the burning of charcoal proceed? 
y 570. In the combustion of charcoal, what becomes of the carbon^ 
/' 571. What is the gas called formed by the combinaUen cif carbon 
ai^ oxygen? 

572. Why does not carbonic acid gas partake, of the blaokneai of 
ehaicoal, if'^pieptfred from that material? 
- 573. How has the chemical nature of diam(Nids been aaoertalasd? 



it baa long been kiiown as a oombastiblesubatanee, bnt it is witbm 
tbese few years only that the product of its combustion has been 

S roved to be pure carbonic acid. This remarkable discoTery is 
oe to Mr. Tennant 

Now let us try to make some carbonic acid. Will you, Emily, 
decant some oxygen gas from this large jar into the receiver in 
which we are to burn the carbon ; and 1 shall introduce this small 
piece of charcoal, with a little lighted tinder, which will be neces- 
sary to give the "first impulse to combustion. 

jtrrUfy. I. cannot conceive how so small a pieee. of tinder, and 
tibai but just lighted, can raise the temperature of the carbon suA-* 
ciently to set £re to it; for it can produce scarcely any sensible 
heat, and it hardly touches the carbon. - 

Mrs, B. The tmder thus kindled has only heat enough to begin 
its own combustion, which, however, soon becomes so rapid in me 
oxygen gas, as to raise the temperature of the charcoal sufficiently 
for this to bum likewise, as you see is now the case. 

DmUy. I am surprised that the eombustion of carbon is not more 
biilliant ; it does not give out near so much light or caloric as phos- 
phorus or sulphur. Yet since it combines with so much oxygen, 
why is not a proportional c^antity of light and heai disengaged 
from the decomposition of the oxygen gas, and the union oi its 
electiicily with that of the charcoal ? > 

Mrs, JB, Is it not surprising that less light and heat should be 
liberated in this than in almost any other combustion, since the 
oxygen, instead of entering into a solid or liquid combination, as it 
does in the phosphoiic and sulphuric acids, is employed in forming 
another elastic fluid ; it therefore parts with less of its caloric. 

Eruihf^ IVue ; and« on secon^ consideration^ it appears on the 
contrary, surprising that the oxygen should, in its combination wi& 
«urfoon, retain a sufficient portion of calorie to maintain both sub- 
stances in a ffaseous state. 

Qxroline, We may then judge of the degree of solidity in which 
oxygen is combined in a burnt body^ by tfa« quantity of caloric lib- 
erated during its combustion ? 

Mrs, B. xes ; provided that you take into the account the qnaar 
tity of oxygen absorbed by the combustible body, and observe the 
proportions which the csdoric bears to it, 

Caroline. But why should the water after the combuiation of 
earbon, rise^ in the receiver, since the gas within it retains an aeri- 
£>rm state ? 

Mrs, B. Because the carbonic acid gas is gradually absorbed 
by .the water ; and this effi^ct would be pr(«aoted by shaking the 
leceiyer. 

EmUy, The charcoal is now extinguished, though it is not nearly 
consumed ; it has such an extraordinary avidity for oxygen, I sup- 
pose, that the receiver did not contain enough to satisfy the whole. 

Mrs, B. That is certainly the case ; for if the combustion were 

" ■ I ■ ■ ■ .... II 

574. What is the production <^ their combustion ? 

575. Why is so little light and heat disengaged in the combustion of 
carbon? 

.£716. Does eirboB unite with mow than one proportidii of osj^rgea? 

13 
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performed in the exact proportions of 88 puts of caityon to 79 o^ 
oxygen, both these ingredients wonld disappear, and 100 parts of 
earbonic acid would be produced. 

Caroline. Carbonic acid must be a very strong acid, since it con- 
tains so great a proportion 6f oxygen ? 

JIfr*. B. That is a very nattird inference ; yet it is erroneoM. 
For the carbonic is the weakest of all the acids. The strength of 
an acid seems to depend upoh the nature of its basis, and its mode 
of combination, as well as npon the proportion of the acidifying 
principle. The same quantity of oxygen that will convert some 
bodies into stronjg adds, will only be sufficient simply to oxydate 
others. 

CaroUne, Since this acid is so weak, I think chemists should 
have called it the carikmaus, instead of the carbonic acid. 

EmUj/. But, I suppose, the carbonous acid is still weaker, and is 
formed by burning carbon in atmospherical air. 

Mrs. B. It has been lately discovered, that caibon may be con- 
verted into a gas, by uniting with a small proportion of oxygen ; 
but as this gas does not possess any acid properties, it is no more 
than an oxyd ; it is called gaseous oxyd of carbon. 

Caroline. Tt9j is not carbonic aci*d a very wholesome gas to 
breathe, as it contains so much oxygen ? 

Mrs. B. On the contrary, it is extremely pernicious. Oxygen, 
when in a state of combmation with other substances, loses, in 
almost every instance, its respirable properties, and the salubrions 
efiE^ts which it has on the animal economy when in^its nnconfined 
state. Carbonic acid is not only unfit for respiration, but extremely 
deleterious if taken into the lungs. 

Emihf. You know, Caroline, how very unwholesome the fumes 
of burning charcoal are reckoned. 

Carolme, Yes ; but to confess the truth, I did not consider that 
a charcoal fire produced carbonic acid gaa.— Can this gas be con- 
densed into a liquid ? 

Mrs. B. No ; for, as I told you before, it is a permanent elasiie 
fluid. But water can absorb a certain quantity of this gas, and can 
eten be impregnated with it, in a very strong degree, by the assist- 
SRce of agitation and pressure, as I am going to show you. I shall 
decant some carbonic acid gas into this bottk, which I fill first with 
water, in order to exclude the atmospherical air ; the gas is then 
faitroduced through the water, which you see it displacei^, for it will 
not mix with it in any quantity, unless strongly agitated, or allowed 
to stand over it for some time. The bottle is now about half faH of 
earbonic acid gas, and the other half is still occupied by the water. 
By corking the bottle, and then violently shaking it, in this way^ I 
oan mix the stis and water together. Inow will you taste it I 

BmHu. It has a distinct acid taste. 
- Otroane. Yes, it is sensibly sour, and appears full of little bubbtes. 

Mrs. B. It possesses likewise all the otner properties of acid, bat 

.^ 577. On what does the stren^ of an acid depend ? 

478. Why is not earbonic acid good for respiration, ilHce it oootifai 
a \xm quantity of oxygen ? 
> 699. Why ate the Ames of buming tehacoMl ttelMMd t»wlM)9- 



? 

660. How can water be impregnated with carboido gas ' 

661. Wfaal is Seltaer found to be, on analyiis? 
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of course, in a, less degree than the pore carbonic aoid gas, aa it is 
so much diluted by water. This is a Kind of artificial Seltzer water. 
By analysing that which was produced by nature, it was found to 
contain scarcely any thing more than cojnmon water, impregnated 
with a certain proportion of carbonic acid ga§. We are therefore 
able to imitate it by mixing thoise proportions of water and carbonic 
acid. Here, my dear, is an instance in which, by a chemical pro- 
cess, we can exactly copy the operations of nature ; for the artificial 
Seltzer waters can be made in every respect similar to those of na- 
ture ; in one^oint, indeed, the for^ler have an advantage, since ttfey 
may be prepared stronger or weaker, as occasioji requires. 

Caroane, I thought I had tasted such water before. But what 
renders it so brisk and sparkling ? 

Mrs. B^ This sparkling or e&rvescence, as it is called^ is always 
occasioned by the action of an elastic fiuid escapinig from a liquid ; 
in the artificial Seltzer water it is produced by the carbonic acid, 
which being Ughter than the water in which it was strongly con- 
densed, flies off wifh great fa{)idity, the instant the bottle is un- 
corked ; this makes it necessary to drink it immediately.- The 
bubbling that took place in this bottle was but trifling, as the water 
was but very slighfly impregnated with carbonic acid. It rec^uires 
a particular apparatus to prepare the gaseous artificial mineral 
waters. 

Emily. If, then, a bottle pf Seltzer water i^mains for any length 
of time uncorked, I suppose it returns to the state of common water ? 

Mrs. B. The whole of the carbonic acid gas, or very nearly so, 
wiD soon disappear : but there is likewise in Seltzer water, a very 
small quantity of soda, and a few other saline or earthy ingredients, 
which will remain. in^ the water, though it should be kept uncorked 
for any leqgth of time. 

Caroline. I have often heard of people drinking soda-water, — 
Pray what sort of water is that ? 

Mrs. B. It is a kind of artificial Seltzer water, holding in solution 
besides the gaseous acid, a particular saline substance, called soda, 
which imparts to the water certain medicinal qualities. 

Caroline. But how can these waters be so wholesome, since car- 
bonic acid is so pernicious ? " 

Mrs. jB. a gas, we may conceive, though very prejudicial to 
breathe, may be beneficial to the stomach. But it would be of no 
use to attempt explaining this more fully at present. 

Caroline. Are waters never impregnated with other gases ? 

Mrs. B. Yes ; there are several kinds of gaseous waters. I for- 
got to tell you that waters have, foY some years past, been prepared, 
mipregnated both with oxygen and hydroffen gases. These are not 
an imitation of nature, but are altogether obtained by artificial 
IT cans. They have been lately used medicinally, jparticularly on the 
continent, where, I understand they have acquired some reputation. 

EmUy. If I recollect right, Mrs.' B., you told us that carbon was 

582. How is the brisk and sparkling appearance in Seltzer water oc- 
casioned ? 

. '" 583. What is soda water } 

, *r564. How can these waters be wholesome since carbonic acid is so 
pernicious ? 

p ^5. What other gaseous waters have been prepared, and for whai 
parjk)te? 
;>• 
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eapaMe of deoompioemg water ; the affinity between axjeen and car 
bon must, therefore) be greater than between oxygen andhydrogen. 

Mrs. B. Yes ; bat this is not the case, unless their temperature 
be raised to a certain degree. It is onlywhen carbon is red hot, 
that it is capable of separating the oxygen from the hydrogen. 
Thus, if a- small quantity of water be thrown on a red hot fire, it 
will increase raiher than extinjgoish the combustion ; for the coals 
of wood, (both of which contain a quantity of carbon,) decompose 
the water, and thus sapply the fiitr both with oxygen and hydrogen, 
gases. If,. on the contrary', a large mass of water be thrown oyer 
the fire, the diniinution of \Le2X thus produced is such, tliat ^le 
combustible matter loses the power of decomposing the water, and 
the fire is extinguished. 

Emily. I haye heard that fire engines sometimes do more harm 
than good, and that they actually increase the fire when they can- 
not throw water enough to extinguish it. It must be owing, no 
doubt, to the decomposition of the water by the carbon during the 
conflagration. 

Mrs, B^ Certainly. — ^The apparatus which you see here (1^. 27,) 

Fig. 27. 
HecompoBition of water by Carbon. 




A. Retort containing water. B. Lamp to heatthe water. CC. Porcelain tub^ 
containing carbgn. D. Furnace through which the tube passes. £. Receiver for 

the gas produced. F. Water bath. 

may be used to exemplify what we have just said. It consists in a 
kind of (^en furnace, through which a porcelain tube, containing 
charcoal, passes. To one end of the tube is adapted a glass retort 

- with water in it ; and the other end ^communicates with a receiver 
placed OB the water bath. A lamp being applied to the retort, and 

• the water made to boil, the vapor is gradually conveyed through 
the redhot charcoal, by which it is decomposed ^ and the hydrogen 
gas, which results from this decomposition, is collected in the re* 
ceiver. But, the hydrogen thus obtained is far from being pure ; it 
retains in solution a minute portion of carbon, and contains also a 
quantity of carbonic acid. This renders it heavier than pure hydro- 
gen gas, and gives it some peculiar properties : it is distinguished 

by the name of carbonated m/drogen gas, 

»-■ ■ ■ ■■ — - 

,\ 587. Why will a small quantify of water thrown upon a fire increase 
father than diminish it ? 

588. How woald you deacribe the experiment made by the use of 
figure 27.^ "^ * 

589. What is the gas called produced in the experiment? ' ^ 
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CsroHne, And whence does it obtain tiie cairbonio aoid liiat m 
mixed with it? 

Emify, I believe I ean answer that question^ Caroline. — 'From 
the unionof the oxygen (proceeding from the decomposed water) 
with the carbon, which, you know, makes carbonic «cid. 

Carbine. Ttae: I should have recollected that. The prodaet 
of the decomposition of water by red-hot charetal, therefore, m 
earbonated hydrogen gas, and carbonic acid gas. 

Mrs. B, I QU are perfectly right, now. 

Carbon is frequently found combined with hydrogen, in a state 
of solidity, especially in coals, which owe their con3)ustible nature 
to these two principles. 

Em^y. Is it the hydrogen, then, that produces the £ame of 
eoals? 

Mrs. ,B. It is so ; and when all the hydrogen is consumed, the 
carbon continues to bum without flame. But again, .as I mentioned 
when speaking of the gas Hghts, the hydrogen gas produced by the 
burning of coals, is not pure ^ for, during. Uie combustion, particles 
of carlMnare suoces^vely T?blatilized with the hydrogen, with which 
they form what is called a h/dra-carbonat, which is the |>rincipal 
product of the combustion. 

Cafbon is a very bad conductor of heat ; for this reason it is em- 
ployed (in conjunction with other ingredients) for coating furnaces, 
and other chemical apparatus. 

Emiiy. Pray, what is the use of coating furnaces ? 

Mrs. B. In most cases in which a furnace is used, it is necessary 
to produce and preserve a great degree of heat, for which purpose, 
dvery possible means are used to prevent tbe'heat from escaping by 
communicating with other bodies, and this object js attained by 
coating over the inside of the furnace with a kind of plaster, com- 
posed of materials that are bad conductors of heat. 

Carbon, combined with a small quantity of iron, forms a com- 
pound called plumbago, or black lead, of which pencils are made. 
This substance, agreeably to the nomenclature, is a carburet of 
iron. 

Emify. Why, then, is it called black lead ? 

Mrs. B. It is an ancient name given to it by ignorant people, 
from its shining metallic appearance; but it is certainly a most 
improper name for it, as there is not a particle of lead in the com 
position. There is only one mine of this mineral, which is in 
Cumberland.* It is supposed'to approach as nearly to pure carbon 
as the best prepared charcoal does, as it contains only five parts of 
iron, unadulterated by any other foreign inffredienfe. There is ' 
another carburet of iron, in which the iron, mough united only to 

* She means in England. Black lead is found in a great variety 
of places in this country. — C. 

690. By whaHs the flame of burning ccmlIs occasioned ? 

591. Why is carbon used for coating fUmaces and otiier chemical 
apparatus? ■ 

V 592. Of what is black lead made ? 
y 693. Why is it called bhck lead ? 
i594. Whatifl steel? 
^ 13* 
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an extremely smtil} proportion of caibon, ftoqoiies Teiy remstkaUe 
properties ; this is steel. 

CaroHite. Really ; and yet steel is much harder than iron ? 

Mrs. B. Bat carbon is not ductile like iron, and therefore may 
render the steel more brittle, and prevent its bending so eaoly. 
Whether it is that the carbon, by introducing itself into the pores 
t( the iron, and, by filling them, makes the metal both harder and 
heavier; or whether this change depends upon some chemical 
cause, I cannot pretend to decide. But -there is a subsequent 
operation, by which the hardness of steel is very much increased, 
which ftimply consists in heating^ the steel till it is red-hot, and then 
plunging it into cold water. 

Carbon, besides the combinatiiHi just mentioned, enters mtorthe 
composition of a vast number of natural productions ; such, fix' in- 
stance, as all the various kinds of oils, which result from the cemr 
bination of carbon^ hydrogen, and caloric, in various proportions. 

Dmily. I thought that carbon, hydrogen, and csJoric, formed 
carbonated hydrogen gas. 

Jlifr5; jB. That is the case when a small portion of carbonic acid 
ffas is held in solution by hydrogen gas. Difierent proportions of 
Uie same principles, together with the circumstances of their union, 
produce very diflferent combinations ; of this you will see innumeiv 
able examples. Besides, we are not now talking of. gases, but of 
carbon and hydrogen, combined only with a quantity of calohci 
sufficient to bring them to the consistency of oil or fat. 

Cartdine, But oil and faX are not of the same consistence ? 

Mrs, B. Fat is only congealed oil; or oiJt,. melted fat. The one 
requires a little more heat to maintain it in a fluid state than the 
other. Have you never observed the fat of meat turned to oil by 
the caloric it has imbibed from the fire ? 

Emily. Yet oils in general, as salad-oil, and lamp-oil, do not turn 
lo fat wh^i cold ? 

Mrs. B. Not at the common temperature of the atmosphere, be 
eause they retain too much caloric to congeal at that temperature » 
but if exposed to a sufficient degree of cold, their latent heat u 
extricated, and they become solid, fat substances. Have you never 
seen salad-oil froaen in winter ? 

EmUy. Yes ; but it appears to me i^ that state very di^tont 
from animal fat. 

Mrs. B. The essential constituent parts of either vegetable or 
animal oils are the same carbon and hydrogen ; their variety arises 
tsoxn. the different proportions of these substances, and from oth«tr 
accessory ingredients that may be mixed with them. The oil of a 
whale, an'd the oil of roses, are, in their essential constituent parts, 
the same ; but the one is impregnated with the offensive particles of 
aainud matter, tl^e other with the delicate perfume of a flower. 

The difference oi fixed oils, and volatile or essential ails, consists 
also in the various proportions of carbon and hydrogen. Fixed oils 

«^"595. To what is the hardness of steel owing? 
^^fQ6. What is the difference between fat and oil ? 

597. What are the essential constituent parts of oil ? 

598. What is the differenoe between oj&nsive animal^ and fxagfaat 
vegetable oil ^ 
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sre those wbich will not eraporate without being decomposed ; Ihis 
is the case with all common oils, which contain a greater proportion 
of carbon than the essential oils. The essential oils (wicn com- 
prohend the whole class of essences and perfumes) are lighter ; they 
contain more equal proportions of carbon and hydrogen, and are 
TolatUized or evaporated "frithout bein^ decomposed. 

Emity. When you sav that one kind of oil will evaporate, and 
the other be decomposed, you mean, I suppose, by the application 
of heat ? 

Mrs, B, Not necessarily ; for there are oils that will evaporate 
(dowly at the common temperature of the atmosphere; bat for a 
more rapid volatilization, or for their decomposition, the assistance 
of heat is reouired.* 

• Caroline. I shall now remember, I think, that fat and oil toe re- 
ally the same substances, both consisting of carbon and hydiogen ; 
that in fixed oils the carbon preponderates, and heat prodnces a 
decomposition ; while, in essential oils, the proportion of hydrogen 
is greater, and heat produces a volatilization oiuy. 

Enufy. I suppose the reasofi why oil bums so well in lamps, is 
because its two constituents are so combustible ? 

Mrs. B. Certainly ; the combustion of oil is just the same as 
that of a candle : if tallow, it is only oil in a concrete state ; if wax, 
or spermaceti, its chief chemical ingredients a^ still hydrogen and 
caorbon. 

EmUy, I wonder, then, there should be so great a difference be- 
tween tallow and wax ? 

Mrs. B. I must a^^ repeat, that the same substances, in difler- 
ent pit)portions, produce results that have sometimes scarcely any 
resemblance to each other. But this is rather a general remark 
that I wish to impress upon your minds, than one which is appliea* 
ble to Uie present case ; foi taUow and wax are far from being very 
dissimilar ; the chief difference consists in the wax being a purer 
compound of carbon and hydrogen than the tallow, which retains 
more of the gross particles of animal matter. The combustion of a 
eandle, and that of a lamp, both produce water and carbonic acid 
gas. Can you tell me how these are formed I 

JBmify. Let me reflect .... Both the candle and lamp bum by 
means of fixed oil — ^this is decomposed as the combustion goes on, 
and the constituent parts of the oil being thus separated, the carbon 
unites with a portion of oxygen fix)m the atmosphere to form carbo- 
nic acid gas, whilst the hydrogen combines with another portion of 

•The volatile or essential oils evaporate when exposed to the air. 
Hence the odor which oil of lavender, peppermint, &c. give out. 
The animal oils, and what are called expressed oils, as that of castor, 
&c. do not evaporate. Hence a good test of the purity of essential 
oil, is, to let a drop fall on paper. If a grease-spot remains afler a 

few minutes, it is adulterated with some fixed oil. — C. 

— ■ 

A 599. What are fixed oils? 

y-eOO. What are essential oils? 

' 601. Why wUl ml bum so well in lamps? 

^K€03: In what does Uie difTerence between tallow and wax conostf 

603. How may the adulteration of volatile oil be detected? 

604. What are the products of the combustion of oils ? 
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oacygen and forms ^^ith it water. — ^The prodaots^ there&re, of tibo 
eombustion of oils, are water, and carbonic acid gas. 

Caroline, But we see neither water nor carbonic acid produced 
by the combustion of a candle. 

Mrs. B. The carbonic acid gaa, you knew, is invisible, and the 
water being in a state of vapor is so likewise, Emily is peifectly 
correct in her explanation, and I am very much .pleased with it. 

All the vegetable acids consist of various proportions of carlxai 
and hydrogen, acidified by oxygen. Gums, sugar, and starch, are 
likewise composed of these ingredients ; but, as the oxygen which 
they contain is not sufficient to convert them into acids, they are 
eUssed with the oacyds, and called vegetable oxyd. 

Caroline, I am extremely delighted with all these new ideas; 
but, at die same time, I cannot help being apprehensive that I may 
forgei^many of them. 

Mrs, B. I would advise you to take notes, or, what would answer 
better still, to write down, after every lesson, as much of it as you 
can recollect. And, in order to five you a little assistance, 1 shall 
lend you the heads or index, which I occasionally consult for the 
sake of preserving some method and arrangement in these conver- 
sations. Unless you follow some such pkm, you cannot expect to 
rstain nearly all that you learn, how great soever be the impression 
it may make on you at first. 

Emily, 1 will certainly follow your advice. Hitherto I have 
found that I recollected pretty well, what you have taught us ; but 
the history of carbon is a more extensive subject than any of the 
simple bodies we have yet examined. 

Mrs, B, I have little more to say on carbon at present; but 
hereafter yovL will see that it performs a considerable part in chem- 
ical operations. 

Caroline. That is, I suppose, owing to its entering into the com- 
position of so great a variety of substances ? 

Mrs, B, Certainly ; it is the basis, as you have seen, of al) 
vegetable matter ; and you will find that it is very essential to the 
XHToeess of animalization. But in the mineral kingdom, also, pai^ 
ticularly in its form of carbonic acid, we shall discover it combined 
with a great variety of substances. 

In chemical operations, carbon is particularly useful, from its very 
great attraction for oxygen, as it will absorb this substance frcna 
many oxygenated or burnt bodies, and thus d^-oxygenate, or unburn 
them, and restore- them to their original combustible state. ' 

Caroline, I do not understand how a body can be unhumt, and 
restored to its original state. This piece of tinder, for instance, 
that has been burnt, if by any means oxygen were extracted from 
it, would not be restored to its former state of linen ; for its texture 
is destroyed by burning, and that must be the case with all organ- 
iased or manumctured substances, as you observed in a former con- 
versation. • 

Mrs, B, A compound body is decomposed byjcombustion in a way 
which generally precludes the possibility of restoring it to its former 
state ; the oxygen, for instance, does not become fixed in the tinder 

605. Of what do the vegetable acids coosiBt •* 

606. How does carbon restore oxydated substaneei to their camlra^ 
tible state? 



hat it comt>ines wilih its volatiie parts, and fiies oft in t&e shape of 
gas or watery vapor. You see, therefore, how vain it would be to 
attempt the recomposition of such bodies. But, with regard to 
fizmple bodies, or at least bodies whose component parts are not dich 
f orl^ by the proce^ of oxygenation or de-oxygenation, it is often 
possible to restore them, after combustion, to their original state. 
The metals, for instance, undergo no other alteration by combustion 
than a combination with oxygen ; therefore, when the oxygen is 
taken from them, they return to their pure metallic ^tate. But I 
shall say nothing further of this at present, as the metals will furnish 
ample subject for another morning.; and they are the class of simi- 
ple bodies that come next under consideration. 



CONTERSATION X.' 

ON HETAI<S. 

Mrs, B. The kstaLs, which we are now to examine, are bodies 
of a very dijSerent nature from those which we have hitherto con- 
sidered. They do not, like the bases of gases, elude the observa- 
tion of our senses ; for, they are the most brilliant, the most pon- 
derous, and the most palpable substances in nature. 

Caroline, I doubt, however j whether the met^s will appear to us 
80 interesting, and give us so much entertainment, as those myste- 
rious elements which conceal themselves from our view. Besides, 
they cannot afford so much novelty : they are bodies with which we 
are already so well acquainted. 

Mrs. B, You are not aware, my de&j, of the interesting discove*- 
ries which were a few years ago made by Sft H. Davy, r^spectinff 
this class of bodies. By the aid of the Voltaic battery , he has obtained 
from a. variety of substances, metals^ before unknown, the properties 
of which are equally new and curious. We shall begin, however, by 
noticing those metals with which you profess to be so well acquaint- 
ed. But the acquaintance, you will soon perceive, is but very super- 
ficial, and I trust you will find both novelty and entertainment in 
considering the metals in a chemical point of view. To treat of this 
subject fully, would require a whole course oi lectures ; for metals 
form of themselves, a most important branch of practical chemistry. 
We must, therefore, confine ourselves to a general view of them. 
These bodies are seldom found naturally in their metallic form : they 
are generally more or less oxygenated, or ccmibined with sulphur, 
earths, or acids, and are often blended with each other. They are 
found buried in the bowels of the earth in most parts of the world,, 
but chiefly in mountainous districts, where the surface of the globe 
has been disturbed by earthquakes, volcanoes, and other convuisiona 
of nature. Thpy are spread in strata or beds, called voids, and these 
reins are composed of a certain quantity of metal, combined with 

^ (507. What alteration do metals undergo from combustion f 

608. What is the subject of this conversation ? 

\ 609. Are metals generally found in their pure metallic stated 

*** €10. In what state are tfaiey usually Ibimd to exwt ^ 

—611. In what places are they chiefij discovered? 



vuioiis earthy wibBfances, with which Ihey foim minenlB of difiar- 
eat nature and appearance, which are called ores. 

Caroline. I now feel quite at home, for my father has a lead mine 
in Yorkshire, and I have heard a great deal about veins of ore, and 
of the roasting and smelting of lead; but, I confess that I do not 
understand in what these operatioQS consist. 

Mrs. B. Roasting is the process by which the. volatile parts of 
the ore are evaporated ; smelting, that by which the pure inetal is 
afterwards separated from the eaurthy remains of the ore. Iliis is 
done by throwing the whole into a fvimaoe, and mixing it with cer- 
tain substances wat will combine with the earthy parts and other 
foreign ingredients of the ore ; the metal being the heaviest, fiJls 
to the bottom, and runs out by proper openings, in its pure metatiic 
state. 

I^nify. You told us in a preceding lesson, that metals had a great 
affiility for oxygen. Do they not, therefore, combine with oxygen, 
when strongly heated in the furnace, and run out in the state of 
oxyd»>? 

Mrs. B. No ; for the scoriae, or oxyd, which soon forms on the 
surface of the fused metal when it is oxydable, prevents the air 
from having any further influence on the mass ; so that neither 
combustion nor oxygenation can take place. 

Ckurohne. Are aU the metals equally combustible ? 

Mrs. B. No; their attraction for oxygen varies extremely. 
There are some that will combine with it only at a very high tem- 
perature, or by the assistance of acids ; whilst there are others that 
oxydate spontaneously, and with neat rapidity, even at the lowest 
temperature ; such is, in particular, manganese, which scarcely 
ever exists in the metallic state, as it immediately absorbs oxygen 
on being exposed to the air, and crumbles to an oxyd in the coarse 
of a few hours. 

Emify. Is not that the oxyd from which you extracted the oxy- 
gen gas ? 

Mrs. B. It is : so that, you see, this metal attracts oxygen at a 
low temperature, aind parts with it when strongly heated. 

Emihf. Is there any other metal that oxydases at the temperature 
of the atmosphere ? 

Mrs. B. They all do, more or less, excepting goldj silver, and 
platina. 

Copper, lead, and iron, oxydate slowly in the air, and cover them- 
selves with a sort of rust, a process which depends on the gradual 
conversion of the surface into an oxyd. This rusty surfa^ pre- 
serves the interior metai from oxydation, as it prevents the air horn. 
coming in contact with it. . Strictly speaking, however, the word 
Tttst applies only to the oxyd, whidi forms on the surface of iron, 
when exposed to air and moisture, which oxyd appears to be united 
with a small portion of carbonic acid. 

■ ■I ■ I.I ..... I I. . .1 I I I I I 11 I lIlllM 

612. How are they refined ? , 

613. What prevents the combusUon and oxygenation of metals, when 
in a state of fusion ? 

614. Are all metals equally combostible ? 

615. To what is their di&rence in this respect owing ? 
016. Do metals ox vdate on beiu|r exposed to the air ? 

^ .617. By what is toe rost occasioned that takes place on eqpper and 
* I? • 
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EmUy, When metals oxydate from. l!he atmoisphete wirtiottt <an 
^eva,tiGn of temperatare, some light and h«at, I suppose, must be 
disengaged, though not in sufficient quantities to be sensible. 

Mrs. B. Undoubtedly ; and, indeed, it is not. surprising that, in 
this case, the light and heat should not be sensible, when you con- 
sider how extremely slow, and, indeed, how imperfectly, most mcA* 
als oxydate bj mere exposure to the atmosphere. For the quant^ 
of oxygen with which metals are capable of .combining, genered!^ 
depends upon their temperature ; and the absorptien stops at vari- 
ous points of oxydation, -according to the4egree to which their tern- 
' perature is raised. 

Emib/, That seems very natural ; for the greater the quantity/ of 
caloric mtroduced into a metal, the more will its positive electricity 
be exalted, and consequently the stronger will be its affinity for ox- 

Mrs, B. Certainly. When the metal oxygenaites with Buffickait 
rapidity for light and heat to become sensi])le, combustion actually 
takes place. But this happens only at very high teflmeralipeSy 
and the product is nevertheless an oxyd ; for though, as I have just 
said, metals will combine with different proportions of oxygen, yet 
with the exception of only five of them, they are not susceptible of 
aMadification. 

Metal^ change color during the dififerent degrees of oxydation 
which they undergo. Lead, when heated in contact with the at- 
mosphere, first becomes gray ; if its temperature be then raised, it 
tarns yellow, and a still stronger heat changes it to red. And it is 
even capable of a stronger degree of oxydation,^ in which the oxyd 
is jiuce colored. Iron become^ successively a green, brown and 
white oxyd. Copper changes from brown to blue, and lastly ^en. 

EmUiy, Pray, is the white lead with which houses are painted, 
prepared by oxydating lead ? 

Mrs. B. Not merefy by oxydating, but by being also united with 
cari)onic acid. It is a carbonat of lead. ^liie mere oxyd of lead is 
called red lead. Litharge is another oxyd of lead, containing less 
oxygen. Almost all the n^talUc oxyds are used as paints. The 
various sorts of ochres consist chiefly of iron' more or less oxydated. 
And it is a remarkable circumstance, that if you bum metals rapid- 
ly, the light or flame they emit during combustion partakes of the 
colors which the oxyd successively assumes. 

X3arolme. How is that accounted fos, Mrs. B., since light does 
not proceed from the burning body, but from the decomposition of 
the oxygen gas ? 

Mrs. B. The correspondence of the color of the light, with ^at 
of the oxyd whicb emits it, is, in all probability, owing to some pw- 
tieles of the tnetal which are volatilized and carried ooby the caloric. 

6t8. Ave light and heat diseagaged when metals oxydate from the 
atmiMq^here, withoat an elevation of temperature ? 
^9. Why ave they not perceived .' 

€90. What changea (^ color do lead, iron, find copper undergo daring 
keir difierent degrees of oxydation ? 



&k. How is common white lead obtained .' 

'ttB. For what purpose are most ^ the metajlid oxyds used ? 

623. How are yellow paints or ochzes obtsiae^, «c of wtiet.Me t^j 
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18 lost in conseqaence of the air passing once throagh the lungs, as 
yon shaU see — 

IhUfy. Yes, indeed, it makes the charcoal bum much brighter. 

Mrs. B. Whilst it is red hot, I shall drop some iron filings on 

ofthis 
closed tin 
and stop- 
cocks, by one of which a stream of water is thrown into the vessel 
through a long funnel, whilst by the other, the gas is forced out 
through a blow-pipe adapted to it, as the water gains admittance. 
Now that I pour water into the funnel^ you may hear the gas issu- 
ing from the blow-pipe. I bring the charcoal close to the current, 
and drop the filings upon it — 

Caroline, They emit much the same yivid light as the combus- 
tion of the iron wire in oxygen ffas. 

Mrs. B. The process is, in fact, the same ; there is only some 
difierence in the mode of conducting it. Let us burn some tin in 
the same manner — ^you see that it is equ&lly combustible. Let us 
now try some copper — 

Caroline. This bums with a greenish flame ; it is, I suppose, 
owing to the color of the oxyd ? 

Em^. Pray, shall we not also bum some gold ? 

Mrs. B. That is not iaour power, at least, in this way. Grold, 
mlver, and platina, are incapable of being oxydated by the greatest 
heat that we can procure by the common method. It is from this 
eircumstance, that they have been called perfect metals. Even 
these, however, have an affinity for oxygen ; but their oxydations 
or combustion can be performed only by means of acids, or by 
electricity. 

The spark given out by the Voltaic battery produces at the point 
of contaet, a greater degree of heat than any other process ; and 
it is at this very hi^h temperature only that the affinity of these 
metals for oxygen will enable them to act on each other. 

I am sorr}r that I cannot show you the combustion of the perfect: 
metals by this process, but it requires a considerable Voltaic battery. 
ITou will see these experiments performed in the most perfect man- 
ner, when you attend the chemical lectures of the Royal Institution. 
But in the mean time I can, without difilculty, show you an ingen- 
ious apparatus lately contrived for the purpose of producing intense 
heats, the power of which nearly equals that of the largest Voltaic 
batteries. It simply consists, you see, in a stronff box, made of 
fron or copper, (Fig. 29,) to which may be adapted the air syringe 
or condensing pump, and a stop-cock, terminating in a small orifice 
similar to that of a blow-pipe. By working the condensing sjrringe 
up and down in this manner, a quantity of air is accumulated in the 
Tessel, which may be increased to almost any extent, so that, if we 
now turn the stop-cock, the condensed air will msh out, forming a 
jet of considerable force ; and if we place the flame of a lamp in 
tiie current, you wiU see how violently the flame is driven in that 

direction. 

f ■ ' ■ ■ ■ I ■ . I. Ill 

626. What is represented by figure 28? 
097. What metals have been railed perfect ? 

628. Why have they been thus called ? 

629. What is repiesented by figure 29 i 




A, the reserroir of condensed ak. B, the condenrtng syrfaige.- 
C, the bladder for oxygen. D, the moveable jet. 

Carohne. It seems to be exactly the same efkci as that of a 
Uow-pipe worked by the mouth, only much stron^r. 
, Emily, Yes ; and the instrument has Ihk additional advantage, 
that it does not fatigue the mouth and lungs like the common blow- 
pipe, and requires no art in blowing. 

Mrs. B. Unquestionably; but yet this blow-pipe would be of 
▼ery limited utility, if its energy and power could not be greatly 
increased by some other contrivance. Can you imagine any mode 
of producing such an effect ? 

Emily. Could not the reservoir be charged with pure oxygen in- 
0tead of common air, as in the case of the gas-holder. 

Mrs. B. Undoubtedly ; this is precisely the contrivance I allude 
to. The vessel need only be sapplied vnth air from a bladder foH 
of oxygen, it^stead of the air of the room, and this, you see, may 
be easily .done by screwing the bladder on the upper part of the 
syringe ; so that in working the syringe the oxygen 'gas is forced 
from the bladder into the condensing vessel. 

Caroline. With the aid of thb smail apparatus, therefore, we 
could obtain the same effects as those we have just produced with 
the gas-holder, by means of a column of water forcing the ga^ oat 
of it. 

Mrs. B. Yes ; and much more conveniently so. But there is a 
mode of using this apparatus, by which more powerful effects sctil} 
may be obtained. It consists in condensing in the reservoir, not 
oxygen alone, but a mixture of oxygen and hydrogen in the exact 
proportion in which they unite to produce vfrater ; and then kindle 
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630. How could the reservoir in that figure be supplied with pim- 
oxvffen? 

631. How is the most intense heat produced ? 
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the jet formed by the mixed gases. The heat disengaged by this 
combustion, without the help of any lamp, is probably the most 
intense known ; and various effects are fiaid to have been obtained 
from it which exceed all expectation. 

Caroline, But why should we not try this experiment ? 

Mrs. B. Because it is not exempt from danger ; * the combus- 
tion (notwithstanding various contrivances which have been resorted 
to with a view to prevent accident) being apt to penetrate into the 
inside of the vessel, and to produce a dangerous and violent explo- 
sion. We shall, therefore, now proceed to our subject. 

CarcHne. I think you said the oxyds of metals could be restored 
to their metallic state ? . 

Mrs. B. Yes ; this operation is called reviving a metal. Metals 
are in general capable of being«revived by charcoal, when heated 
red hot, charcoal having a greater attraction for oxygen than the 
metals. You need only, therefore, decompose, or unburn the oxyd 
by depriving it of its oxygen and 'the metal will be restored to its 
pure state. 

Emily. But vfiM the carbon, by this process, be burnt, and be 
converted into carbonic acid ? 

Mrs'. B^ Certainly. There are other combustible substances to 
which metals of a high temperature will part with their oxygen. 
They will also yield it to each other, according to their several de- 
grees of attraction for it ; and if the oxygen goes into a mor6 dense 
state in the metals which it enters, than it existed in that which it 
quits, a proportional disengagement of tialoric will take place. 

Caroline. And cannot the oxyds of gold, silver, and platina, 
which are formed by means of acids or of the electric fluid, be re- 
stored to their metallic state ? 

Mrs. B. Yes, they may, and the intervention of a combustible 
body is not required ; heat alone will take the oxygen from them, 
convert it into gas, and revive,the metal. 

Emily. You said that rust was an oxyd of iron ; how is it, then, 
that water, or merely dampness, produces it, which you know, it 
very frequently does on steel grates, or any iron instruments ? 

* Hydroffen and oxygen may be burned together with the most 
perfect safety by means of the compound blow-pipe^ an instrument 
mvented by Prof. Hare, of Philadelphia. Instead of mixing the 
^ases in the same reservoir, they are kept separate until they meet 
at the point of combustion. An accounC of this blow-pipe is given 
by Prof. Silliman, in his edition of Henry's chemistry, together with 
a list of experiments made vnih it on various substances. This was 
the first notice of any experiment made by burning the two gases 
together, for the purpose of obtaining an intense heat. — C. 

632. How may oxygen and hydrogen be burned together with safety f 

633. "What is called reviving a metal ? 

634. By what are metals revived ? 

635. What effect Ib produced on the carbon which is used to revive 
« metal ^ 

636. Can the oxyds of the perfect metals be restored to their metallic 
state? 

637. B? what means? 
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Mrs. B. In that case the metal decomposes the water, or damp- 
ness (which is nothing bat water in a state of vapor,) aad obtains 
the oxygen from it. 

CaroUne. I thought that it was necessary to bring metak to a 
very high temperature to enable thelkn to decompose water. 

Mrs. B. It is so, if it is required that the process should be 
performed rapidly, and if any considerable quantity is to be decom- 
posed. Rust, you know, is sometimes months in mrming, and then 
It is only the surface of the metal that is oxydated. 

Emily. Metals, then, that do not rust, are incapable of spontane- 
ous oxydation, either by air or water ? 

Mrs. B. Yes ; and this is the case with the perfect metals, which 
on that account, preserve their metallic lustre so well. 

Emily. Are all metals capable of decomposing water, provided 
their temperature be sufficiently raised ? 

Mrs. B. No ; a certain degree of attraction is requisite, besides 
the assistance of heat. Water, you recollect, is composed of oxy- 

gen and hydrogen ; and, unless the affinity of the metal for oxygen 
B stronger than that of the hydrogen, it is in vain that we raise its 
temperature, for it cannot take the oxygen from the hydrogen.— 
Iron, zinc, tin, and antimony, have a stronger affinity for oxygen 
than hydrogen has, therefore these four metals are capable of 
decomposing water. But hydrogen, having an advantage over all 
the othei metals with respect to its affinity for oxygen, it not only 
withholds its oxyg^en &om them, but is even capable, under certain 
circumstances, ojf taking the oxygen from the oxyds of these 
metals. 

Emily. I confess that I do not quite understand why hydrogen 
can take oxygen from those metals which do not decompose water. 

CaroUne. Now I think I do perfectly. Lead, few: instance, will 
not decompose water, because it has not so strong an attraction for 
oxygen as hydrogen has. Well, then, suppose the lead to be in a 
state of oxyd ; hydrogen will take the oxyd from the lead, and 
unite with it to form water, because hydrogen has a stronger at- 
traction than oxygen has for l6ad, and it is the same with all the 
other metals, which do not decompose water. 

Emily. I understand your explanation, Caroline, very well ; and 
I imagine that it is because lead cannot decompose water that it is 
80 much employed for pipes for conveying that fluid.* 

Mrs. B. Certainly ; lead is, on that account, particularly appro* 
priate to such purposes ; whilst, on the contrary, this metal, if it 
was oxydable by water, would impart to it very noxious qualities, 
as all oxyds of lead are more or less pernicious. 

* Lead is capable of decomposing water, and when suffered to 
stand long in a vessel of this metal, it becomes poisonous. When 
used merely to convey water, there is but little danger.— C. 

638. If rust is an oxyd of iron, why la it that water or dampness 
causes it ? 

639. Do the metals oxydate on being exposed to the air .' 

640. Why will not the perfect met]£ rust ? 

641. What metals are capable of decomposing water ? 
643. Why cannot all metals decompose water f 
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But with xegard to tKe oxydation of metals, the most powerful 
mode of eflTeetiag it is by means of acids. These, yoa know, con- 
tain a much greatei proportion of oxygen* than either air or water ; 
and will, most of them, easily yield it to metals. 

Thas, you recollect, the zinc plates of the Voltaic battery are oxy- 
dated by the acid and water, much more effectually than by water 
alone. 

Caroline, And I have often observed that if I drop vinegar, lem- 
on, or any acid on the blade of a knife, or on a pair of scissors, il 
will immediately produce a spot of rust. 

Emily. Metals have, then, three ways of obtaining oxygen ; from 
the atmosphere, from water, and from acids. 

Mrs. B. The first two you have already witnessed ; and I shall 
now show you how metals take the oxygen from an acid. This 
bottle contains nitric acid ; I shall pour «ome of it over this piece 
/o£ copper leaf. 

Caroline. Oh, what a disagreeable firaell i 
' Emily. And what is it that produces the effervescence, and that 
thick yellow vapor ? 

Mrs. B. It iu the acid., which, being abandoned by the greatelBt 
part of its oxygen, is converted into a weaker acid, which escapes 
*n the form of gas. 

Caroline. And whence proceeds this heat? 

Mrs. B. Indeed, Caroline, I think you might now be able to an- 
swer that question yours-:^. 

Caroline. Perhaps it is that the oxygen enters into the metal in 
a more solid state than it existed in the acid, in eonsequence of which 
caloric is disengaged. 

Mrs. B. If the combination of the oxygen and the metal results 
irom the union of their opposite electricities, of course caloric must 
be given out, 

Emily. The effervescence is over ; therefore f suppose that the 
metal is now oxydated. 

Mrs. B. Yes ; but there is another important connexion between 
metals and acids, with which I must now make ^ou acquainted. 
Metals, when in a state of oxyds, are capable of bemsf dissolved by 
acids. In this operation they enter into a chemical combination 
with the acid, aae form an entirely new compound. 

Caroline* But what difference is there between the oxydention and 
the dissolutiofi of the metal by an acid ? 

Mrs. B. In the first place, the metal merely combines with a por- 
tion of oxygen taken from the acid, which is thus partly deoxygen- 
ated, as in the instance you have just seen ; in the second case the 
metal, after being previously oxydated, is actually dissolved in the 

- - - — - - ■— 

643. What is the most powerful mode ofozydating metals ? 

644. From what do metals obtain ozy^n P 

645. When a metal dissolves an acid, what icauses the efferve*- 
eence ? 

646. To what is the heat owinff when a metal is dissolved in acid ? 

647. What state must a metal he in befoie it can be dissolved by an 
•cid.^ 

648. How can a metal then be dissolved ? 

649. What is the difference between the oxydation and the difl8Qlifr> 
Hon of a metal by an acid ^ 
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add, and enters into a chemical combination with it, without pro- 
ducing any further decomposition or effervescence. This complete 
combination of an oxyd an4 an acid forms a peculiar and important 
class of compound salts. 

Emily. The difference between an oxyd and a compound salt, 
therefore, is very obvious ; the one consists of a metal and oxygen, 
the other of an oxyd and an acid. 

Mrs. B. Very well ; and you will be caiefiil to remember that 
the metals are incapable of entering into this combination with 
acids, unless they are previously oxydated ; therefore, whenever 
you bring a metal in contact with an acid, it will be first oxydated, 
and afterwards dissolved, provided there be a sufficient quantity of 
acid for both operations. 

There are some metals, however, whose solution is more easily 
accomplished by diluting the acid in water ; and the metal will, in this 
case, be oxydated, not by the acid, but by the water, which it will 
decompose. But in proportion as the oxygen of the water oxydates 
the surface of the metal, the acid combines with it, washes it off*, and 
leaves a fresh surface for the oxygen to act upon ; then other coats 
of oxyd are successively formed, and rapidly dissolved by the acid, 
which continues combining with the new formed surfaces of oxvd 
till the whole of the metal is dissolved. During this process, tne 
hydrogen gas of the water is disengaged, and flies off with eflferves^ 
cence. 

Emity. Was not this the manner in which the sulphuric acid as- 
sisted the iron filings in decomposing water ? 

Mrs. B. Exactly ; and it is thus that several metals, which are 
incapable alone of decomposing water, are enabled to do it by the 
assistance of an acid, which, by continually washing off* the cover- 
ing of oxyd, as it is formed, prepares a fresh surface of metal to act 
upon the water. 

Caroline. The acid here seems to act a part not very different 
from that of a scrubbing brush. But pray, would not this be a good 
method of cleansing metallic utensils? 

Mrs. B. Yes ; on some occasions a weak acid, as vinegar, is used 
for cleaning copper. Iron plates, too, are freed from the rust on 
their surface by diluted muriatic acid, previous to their being cov- 
ered with tin. You must remember, however, that in this mode of 
cleaning metals, the acid should be quickly afterwards wiped off*, 
otherwise it will produce fresh oxyd. 

Caroline. Let us watch the dissolution of the copper in the nitric 
acid ; for I am very impatient to see the salt that is to return from 
it. The mixture is now of a beautiful blue color ; but there is no 
appearance of the formation of a salt ; it seems to be a tedious ope- 
ration. 

Mrs. B. The crystallization of the salt requires some length of 
time to be completed ; if, however, you are too impatient, I caa 
easily show you a metallic salt already formed. 

Caroline. But that would not satisfy my curiosity half so well as 
one of our own manufacturing. 

Mrs. B. It is one of our own preparing that I mean to show you. 
When we decomposed water a few days since, by the oxydation of 
' ' __ ' ' ' '' ■ .« 

650. What is the diflferenoe between a eompoand salt and an oxyd ' 
. '661. Why are acids good in cleaning rust from metab ? 

662, What caution is neoessary in <3eaning metals by acids ? 
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iron filings through the aasbtance of sulphuric acid, in what' did the 
process consist ? 

Caroline. In proportion as the water yielded^ its oxygen to the 
iron, the acid combined with the new formed oxyd, and. the hydro- 
gen escaped alone. 

Mrs. j&. Very well ; the result, therefore, was a compound salt, 
formed by the combination of sulphuric acid with oxygen of iron. 
It still remains in the Vessel in which the experiment was perform- 
ed. Feteh**it, and we shall examine it. 

JEhmfy: What a variety of processes the decomposition of water, 
by a metal and an acid, implies ; 1st, the decomposition of the wa- 
ter ; 2dly, the oxydation of the metal ; and 3dly, the formation of 
a compound salt, 

Caroline. Here it is, Mrs. B. What beautiful green crystals ! 
But we do not perceive any "crystals in the solution of copper in ni- 
trous acid. 

Mrs. B. Because the salt is now suspended in the water which 
the nitrous acid contains, and will remain so till it is deposited, in 
consequence of rest and cooling. i 

Ihiib/. I am surprised that a body so opaque as iron can be con- 
verted into such transparent crystals. 

Mrs. B. It is the union with the acid, that produces the transpa- 
lency ; fpr if the pure metal were melted, and afterwards permitted 
to cool and crystallize, it would be found just as opaque as before* 
Bmily. I do not understand the exact meaning of crystallization, 
Mrs. B. You recollect that when a solid body is dissolved, either, 
by water or caloric, it is not decomposed ; but that its integrant 
parts are only suspended in the solvent. When the solution is made 
jn water, the integrant particles of the body will, on the water being 
evaporated, again unite into a solid mass, by the force of their mu- 
tual attraction. But when the body is dissolved by caloric alone, 
nothing more is necessary, in order to make its particles re-unite, 
than to reduce its temperature. And, in general, if the solvent, 
whether water or caloric, be slowly separated by evaporation, or by 
cooling, and care taken that the particles be not agitated during^ 
their re-union, they will arrange themselves in regular masses, each 
individual substance assuming a peculiar form or arrangement ; and 
this is what is called crystallization. 

Emily. Crystallization, therefore, is simply the re-union of the 
particles of a solid body which has been dissolved in a fluid.* 

Mrs. B. That is a very good definition of it. But I must not 
forget to observe, that heat and water may unite their solvent pow- 
ers, and in thistsase, crystallization may be hastened by cooling, as 
well as by evaporating the liquid. 

CaroUne. But if the body dissolved is of a volatile nature, will it 
not evaporate with the fluid ? 

* Not exactly, because the particles of the fluid make a part of 
the crystal. Crystallization is that process by which the particles 
of bo£es unite to form solids of certain and regular shapes. — C. 
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653. What processes does the decomposition of water by a metal vod 
an acid imply ? 
(S64. What canses crystallized iron .to be traaspaieni.^ « 

a. Whatis arystaUizatianf 
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Mrs, B. A crystallized body held in eolutiOn only by water is 
Bcarcely ever so volatile as the fluid itself ; and care must be taken 
to manage the heat so that it may be sofficient to evaporate the 
water only. 

I should not omit also to menllon that bodies, in crystallizing from 
their watery solution, always retain a small portion of water, which 
remains confined in the crystal, in a solid tbrm, and does not re- 
appear unless the body loses its crystalline state. This is called the 
water of crystallization. But you must observe, that whilst a body 
may be separated from its solution in water or caloric snnply by 
cooling or by evaporation, ah acid can be taken from a metai with 
which it is cpmbined only by stronger affinities, which produce a 
decomposition. 

Emily. Are the perfect metals susceptible of being dissolved and 
converted into compound salts by acids ? 

Mrs. B. Gold is acted upon by only one acid, the oxygenated 
muriatic, a very remarkable acid, which, when it is in its most con- 
centrated state, dissolves gold or any other metal, by burning theio 
rapidly. 

Gold can, it is true, be dissolved likewise by a mixture of two 
acids, commonly called aqvxi regia ; but this mixed solvent derives 
that property from containing the peculiar acid which I have just 
mentioned. Platina is also acted upon by this add only; silver is 
dissolved by nitric acid. 

Caroline. I think you said that some of the metals might be so 
strongly oxydated as to become acid ? 

Mrs. B. There are five metals, arsenic, molybdean, chrome, 
tungsten, and columbium, which are susceptible of combining with 
a sufficient quantity of oxygen to be converted into acids. 

CaroUne. Acids are connected with metals in such a variety of 
ways, that I am afraid of some confusion in remembering them. la 
the first place, acids will yield their oxygen to metals. Secondly, 
they will combine with them in their state of oxyds, to form com- 
pound salts ; and lastly, several of the metals are theoi^elves sus- 
ceptible of acidification. 

Mrs. B. Very well ; but though metals have so great an affinity 
for acids, it is not with that class of bodies alone that they will com- 
bine. They are most of them, in their simple state, capable of 
uniting with sulphur, with phosphorus, with carbon, and with each 
other; these combinations, according to the nomencUture which 
was explained to you pn a former occasion, are called, sulphurets^ 
phospkorets, carburets, &c, ^ 

The metallic phosphorets offer nothing very remarkable. The 
Bulphurets form the peculiar kind of mineral called pa/rites, froyn 
which certain kind of mineral waters, sjb those of Harrowgate, derive 
' " '■■ " — 'III ■ 

655. What is the water of crystallization ? 

656. Are the perfect metals susceptible of being dissolved and con- 
verted into jcompoand salts by acids ? 

657. Can any of the metals combine with so great a quantity of oxy- 
gen as to become acids ? 

658. With ^^at other substances besides acids, will metals com- 
bine .'* 

659. What are the combinations ^ the metals with each other 
MUed ? 



their chief chemical properties. In this comhination, the sulphur, 
together with the iron, have so strong- an attraction for oxygen, liiat 
they hoth obtain it from the air and n*om water, and by condensing 
it in a solid form, produce the heat which raises the temperature of 
the water in such a remarkable degree. 

Emily. But if pyrites obtain oxygen from water, that water must 
suffer a decomposition, and hydrogen gas be evolved. 

Mrs. B. That is actually the case in the hot springs alluded to, 
which give out an extremely fetid gas, composed, of hydrogen, im- 
pregnated with sulphur. 

Caroline. If I recollect right, steel and plumbago, which you 
mentioned in the last lesson, are both carburets of iron. 

Mrs. B. Yes ; and they are the only carburets of much conse^ 
quence. 

A curious combination of metals has lately very much ^.ttracted 
tlie attention of the scientific world : I mean the meteoric stones 
which fall from the atmosphere. They consist principally of native 
or pure iron, which is never found in that state in the bowels of the 
earth ; * and contain also a small quantity of nickel and chrome, a 
combination likewise new in the mineral kingdom. 

These circumstances have led many scientific persons to believe 
that those substances have fallen from the moon, or some other 
planet, while others are of opinion either that they are formed in 
the atmosphere, or are projected into it by some unknown volcano, 
on the surface of our globe. 

Caroline. I have heard much of these stones, but I believe many 
people are of opinion that they are formed on the surface of the 
earth, and laugh at their pretended celestial oriffin. 

Mrs. B. The fact of their falling is so well ascertained that I 
think no person who has at all investigated the subject, can now 
entertain any doubt of it. Specimens of these stones have been dis- 
covered in all parts of the world, and to each of them some tradition 
or story of its fall has been found connected. And as the analysis 
of all those specimens aiFord precisely the same results, there is 

* This seems to be a mistake. Several localities of native iron, 
found in veins, are pointed out by authors. In several instances 
largie blocks of native iron have been found on the*surface T>f the 
earth. — One found by Prof. Pallas in Siberia, weighed 1600 lbs« 
Another found in South America, is said to weigh 30,000 lbs., &c. 
These have been suspected to be of meteoric origin, though nothing 
is known which makes this certain. Those stones which are known 
beyond a douf)t to have fallen from the atmosphere, have a very 
different composition. These generally contain the folio win^ngre- 
dients, viz. iron, nickel^ chrome, oxide of iron, sulphur, siSjF, Imte, 
magnesia, and alumine. The iron rarely amounts to a quarter of 
the whole. Accountsare recorded of the felling of stones, sulphur, 
&c. in every age since the Christian era, and in almost every pait 
of the world .-—C. , 

600. What are the most important carburets ? 

661. Of what do the meteoric stones which have attracted so much 
Attention from the scientific worl^, consist? 

6^. What opinions have been entertained as to the origin of these 
■tones.' 



atioxtg,jea8on to conjectare that they all proceed from the same 
source.* It is to Mr. Howard that philosophers are indebted for 
having first analysed these stones, and directed their attention to 
this interesting subject. 

Emily, But pray, Mrs. B., how can solid masses of iron and 
nickel be fopaed from the atmosphere, which consists of the two 
airs, nitrogen and oxygen ? 

Mrs. B. I really do not see how they could, and think it much 
more probable that they fall from -the moon, or some other celestial 
body. But we must not suffer this digression to take l^) too much 
of our time. 

The combinations of metals with each' other are called alloys; 
thus brass is an alloy of copper and zinc ; bronze of copper and 
tin, &c. 

Emily. And is not pewter also a combination of metal ? 

Mrs. B. It is. The pewter made in this country is mostly com- 
posed of tin, with a very small proportion of zinc and lead. 

Caroline. Block-tin is a kind of pewter, I believe ? 

Mrs. B. Properly speaking, block-tin means tin in blocks, or 
square massive ingots; but in the sense in which it is used by 
ignorant workmen, it is iron plated with tin^ which renders it more 
durable, as tin will not so easily rust. Tin alone, however, would 
be too soil a metal to be worked for common use, and all tin vessels 
and utensils are in fact made of plates of iron, thinly coated with 
tin, which prevents the iron from rusting. 

Caroline^ Say rather oxt/dating, Mrs. B. — ^Rust, is a word that 
ought to be exploded in chemistry. 

Mrs. B. Take care, however, not to introduce the word o? vdate 
instead of rust, in general conversation ; for yon would pr .oably 
not be understood, and you might be suspected of afiectaitio*. . 

Metals differ very much in their affinity for each othei ; some 
will not unite at all, others readily combine together, and on this 
property of metals the art of soldering depends. 

Emily. What is soldering ? 

Mrs. B. It is joining two pieces of metal together, by a more 
fusible metal interposed* between them. Thus tin is a solder for 
lead ; brass, gold, or silver, are solder for iron, &c. 

Caroline. And is not plating metals something of the same 
nature ? 

MrSf B. In the operation of plating, two metals are united, one 
^ being covered with the other, out without the intervention of a 

third : iron or copper may thus be covered with gold or silver. 
\ Emily. Mercury appears to me of a very different nature from 

the other metals. 

Afnh^. One of its greatest peculiarities is, that it retains a fluid 
state at^e temperature of the atmosphere. All metals are fusible 
at different degrees of heat, and they hare likewise each the prop- 
erty of freezing or becoming solid at a certain fixed temperature. — 

663. Who first analysed these stones ? 

664. What are the combinations of metals ¥7ith each other called? 

665. Of what is brass an alloy .^ 

. 666. Of what is pewter compoaed? 

667. What is block-tin ? 
'- .668. On what does the art of soldering depend? 



h 

t 



METALS. I€i3 

Meicuty eodgeals <mly at seventy-two degree below the fieezfai)^ 
point. 

. tkmhf. That is to say, that in order tp freeze, it requires a tem- 
perature of seventy-twd degrees colder than that at which wat^ 
nreezes. 

Mrs. B. .Exactly so. 

Caroline. But is the temperature of the atmosphere ever so low 
as that ? 

Mrs. B. Yes, ofVen in Siberia ; but happily never in l^s part of 
the globe. Here, however, mercury may be congealed by artifi- 
cial cold ; I mean such intense cold as can be produced by some 
chemical mixtures, or by the rapid evaporation of ether under the 
air pump.* • 

Caroline. And can mercury be made to boil and evaporate ? 

Mrs. B. Yes, like any other Uquid; only it requires a much 
greater degree of heat. At the temperature of six hundred de- 
grees, it begins to boil and evaporate like water. 

Mercury combines with gold, silver, tin, and with several other 
metals ; and, if mixed with any of them in a sufficient proportion, 
it penetrates the solid metal, soflens it, loses its own fluidity, and 
forms an ctnuilgamy which is the name given to the combination of 
any metal wi^h mercury, forming a substance more or less solid, 
according as the mercury or the other metal predominates. 

Emily. Ill the list of metals, there are some whose names I have 
nev^r before heard mentioned. , 

Mrs. B. Besides those which Sir H. Davy has obtained, there 
are several that have been recently discovered, whose properties are 
yet but little known, as for instance, titanium, which was discovered 
by the Rev. Mr. Gregor, in the tin mines of Cornwall ; columbium 
or tantalium, which has lately been discovered by Mr. Hatchett ; 
and osmium, iridium^ palladium, and rhodium, all of which Dr. 
WoUaston and Mr. Tenant found mixed in minute quantities with 
crude platina, and the distinct existence of which they proved by 
curious and delicate experiments. More recently still, Professor 
Berzelius has discovered in a pyritic ore, at Fahlun, in Sweden, a 
metallic substance, which be has called selenium , and which has 
the singular peculiarity of assuming the form of a yellow gas when 
heated in close vessels. In some of its properties, this substance 
seems to hold a medium between the combustibles and the metals. 
It bears, in particular, a strong analogy to sulphur. 

Caroline. Arsenic has been mentioned amongst the metals; 1 
had no notion that it belonged to that class of bodies, for I had 
never seen it but as a powder, and never thought of it but as a 
most deadly poison. 

Mrs. B. In its pure metallic state, I believe it is not so poisonous; 
bat it has such a great affinity for oxygen, that it absorbs it from ^e 
atmosphere at its natural temperature ; you have seen it therefofe, 

* By a process analagous to that described, page 81 of this work. 

669. At what temperature will mercury congeal ^ 

670. At what temperature wiU it boil and evaporate ^ 

671. What u the combmation of metal with mercury called ? 
073.' What metals have been recently discovered? 

^'673. What is Uie natural state of anenio? 
\ 
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only in its state of dxyd, when, from its combination widi oxygon, 
it has acquired its Teiy poisonous properties. 

Caroline, Is it possible that oxygen can impart poisonous qaali- 
ties ? That valuable substance which produces light and &:e, and 
which all bodies in nature are so eager to obtain? 

Mrs. B, Most of the metallic oxyds are poisonous, and derive 
this property from their onion with oxygen. The white lead, so 
much used in paint, owes its pernicious effects to oxygen. In gen- 
eral, oxygen in a concrete state, appears to be particularly destruc- 
tive in its efiects on flesh or an^ animal matter ; and those oxyds 
are most caustic that have an achd, burning taste, which proceeds 
from the metal having but a slight affinity for oxygen, and therefore 
-easily yielding to the flesh, which it corrodes an<f destroys. . 

J^rmhf. What is the meaning of the word caustic, which yoQ have 
just used ? 

Mrs, B, It expresses that property which some bodies possess, 
of disorganizing and destroying animal matter, by operating a kind 
of combustion, or at least a chemical decomposition. You mnst 
often have heard of caustic used to bum warts, or other animal 
excrescences ; most of these bodies owe their destructive power to 
the oxygen with which they are combined. The common caustic 
called lunar caustic, is a compound formed by the union of nitric 
acid and silver ; and it is supposed to owe its caustic qualities to the 
oxygen contained in the nitiie acid, 

Oaroline. But, pray, are not acids still more caustic than oxyds, 
as they contain a greater proportion of oxygen ? 

Mrs, B, Some of the acids are ; but the caustic property of a 
body depends not only upon the quantity of oxygen which it con- 
tains, but also upon- its sUght affinity mr.that principle, and the 
GOnsec^uent facility with which it yields it. 

Endty, Is not this destructive property of oxygen accounted for ? 

Mrs, B, It proceeds probably from the strong attraction of oxy- 
gen for hydrogen ; for if the one rapidly absorb the other from the 
animal fibre, a disorganization of the substance must ensoe. 

Emily, Caustics, are, then, very properly said to hum the flesh, 
since the combination of oxygen and hydrogen is an actual com- 
bustion. 

Caroline, Now, I think, this ejQTect would be mor« properly termed 
an oxydation, as there is no disengagement of light and heat. 

Mrs, B, But there really is a sensation of heat produced by the 
action of caustics. 

Emily, If oxygen is so caustic, why does not that which is con- 
tained in the atmosphere bum us ? 

Mrs, B. Because it is in a gaseous state, and has a grea^ 
attraction for its electricity than for the hydrogen of our bodies. 
Besides, should the air be slightly caustic, we are in a great meas* • 
ure sheltered from its effects by the skin : you know how much a 
wound, however trifling, smarts on being exposed to it 

A 674. From what do metals derive their poisonous properties ? 

675. What is a caustic } 

676. On what does the caustic property of a body depend ? ^ 

677. How is this destructive property, of oxygen aocoanted forr 

678. If oxygen is of a caustic tendency, why does not that barn Uif 
which is contained in the atmosphere ^ 
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OtroHne* It is a carioiiB idea, howerer, that we ahould lire in a 
alow fire. But, if the aii was caustic, would it not have an acrid 
taste? 

Mrs, B. It possibly may have such a taste ; though in so slight 
a degree, that custom has rendered it insensible. 

Qiroiine. And why is not water caustic ? When I dip my hand 
into water, though cold, it ought to burn me from the caustic nature 
of its oxygen ? ^ 

Mrs. B, Your hand does not decompose the water ; the ozygwi 
in that state is much better supplied with hydroffen than it would 
be by animal matter, and, if its causticity depend on its affinity for 
that principle, it will be very far from qmtting its state of water to 
act upon ^rour hand. You must not for?et that oxyds are caustia 
in proportion as the oxygen adheres slightly to them. 

EmUy. Since the oxyd of arsenic is poisonous, its acid, I suppose, 
is fully as much so ? 

Mrs, B, Yes, it is one of the strongest poisons in nature. 

EmUy, There is a poison called verdigris^ which forms on brass 
and copper when not kept very clean : and this I have heard, is aa 
objection to these metals being made into kitchen uten^. Is this 
poison likewise occasioned by oxygen ? 

Mrs. B. It is produced by the intervention of oxygen, for verdi- 
{fris is a compound salt formed by the union of vinegar and copper ; 
It is a beautinil green color, and much uted in painting. 

Emity, But, f believe, verdigris is often formed on copper whea 
no vinegar has been iii cdntact with it. ^ 

Mrs. B, Not real verdigris, but other^alts, somewhat resembling 
it, may be produced by the action of other acids on copper. 

The solution of copper in nitric acid, if evaporated, affords a salt 
which produces an effect on tin that will surprise you, and I have 
prepared some from the solution we made before, that I might show 
It to yon. I shall first sprinkle some water on this piece <» tin foil, 
and then some of the salt. — Now observe that I fold it up suddenly, 
and press it into one lump. v 

daroUne. What a prodigious vapor issues firom it — and sparks of 
fire, I declare ! 

Mrs. B. I thought it would surprise you. The effect, however, 
1 dare say you comd account for, since it is merely the consequence 
of the oxjrgen of the salt rapidly entering into a doser combinatioa 
with the tin. 

There is also a beautiful ^en salt too curious to be omitted ; it 
is produced by the combination of cobalt with muriatic acid, whidi 
has the singular property of forming what is called sympathetic ink. 
Cbaracteis written with this solution are invisible when cold, but 
when a ^ntle heat is applied, they assume a fine bluish ereen color. 

Cerokne. I think one might draw very curious landscapes with 
the assistance of this ink ; I would first make a water color draw- 

€79. Why is not water caustic ? 
e80. What is verdigris > 

681. What experiment is made with a piece of tin-fittl and a sohilioB 
oi copper in nitric acid ? 

682. What is called sympathetic ink? 

0d3. What are the peculiarities of this ink ? 

15 
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ing of a winter scene, in which the trees wonld be Jeaileas, and the 
^raas scarcely green ; I would then trace all tl^^e verdure with the 
invisible ink, and whenever I chose to create spring, I should hold 
i^ before the fire, and its warmth would cover the landscape with a 
rich verdure. 

Mrs, B. That will be a very amusing experiment > and I advise 
yon by all means to try it. 

Before we pajrt, I must introduce to«your acquaintance the curi'> 
ons metals which Sir H. Davy has recently discovered. The histo- 
ry of these extraordinary bodies is yet so much in its infancy that I 
shall confine myself to a very short aecount of them ; it is more 
important to point out to you the vast, and apparently inexhaustible 
field of research which has been thrown <^n to our view by Sir H. 
Davy's memorable discoveiies, than to enter into a minute account 
of particular bodies or experiments. 

Caroline. But T have heard that these discoveries, however splen- 
did and extraordinary, are not very likely to prove of any great 
benefit to the world, as they are rather objects of curiodty than of 
use. 

Mrs. B. Such may be the illiberal conclusions of the ignorant 
^d narrow-minded ; bu^ those who can duly estimate the advanta- 
ges of Enlarging the sphere of science, must be convinced that the 
acquisition of every new fact, however unconnected it may at first 
appear with practical utility, must ultimately prove beneficial to 
mankind. But these remarks are scarcely applicable to the pres- 
ent subject ; for some of the new metals have already proved emi- 
nently useful as chemical agents, and are likely soon to be employed 
in the arts. For the enumeration of these metals, I must reier yon 
to our list of simple bodies ; they are derived from the alkalies, the 
Mrths, and three of the acids, ail of which had been hitherto con- 
sidered as undecompoundable, or simple bodies. 

When Sir H. Davy first turned his attention to the efifects of the 
Voltaic battery, he tned its power on a variety of compound bodies, 
and gradually brought to hght a number of new and interesting 
fiicts, which led the way to more important discoveries. It would 
be highly interestino^ to trace his steps in this new department of 
science, but it would lead us too far from our principal object. A 
general view of his most remarkable discoveries is all that lean aim 
al, or that you could at present understand. 

The facility with which compound bodies yielded to the Voltaic 
electricity, induced him to make a trial of its efifects on substances 
hitherto considered as simple, but which he suspected of being 
eompound, and his researches were- soon crowned witib the most 
complete success. 

The body which he first submitted to the Voltaic battery, and 
which had neveryet been decomposed, was one of the fixed alkali^ 
called potash. This substance gave out an elastic fiuid at the posi- 
tive wire, which was ascertained to be oxygen, and at the negative 
wire, small globules of a very high met^lic lustre, very simuar in 

684. What induced Sir H. Davy to try the effects of the Voltaic bat- 
tery on substances till then considered simple f 

&5. What was the first substance which he submitted to the VoHaie 
battery? 

686. What WM the eflfeet ? 
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i^lMnraiice to mercnry, ihns proving that potash, which had hither- 
to been considered as a simple incombustible body, was, in fact, a 
metallic oxvd ; and that its incombustibility proceeded from its 
being already combined with oxygen. 

J^mfy. I suppose the wires u^ in this experiment were of plar 
tlna, as.they were when you decomposed water ; for if of iron, the 
oxygen, would hare been comMned with the wire, instead of appear 
in^ la the form of gas. 

Mrs, B. Certainly ; the metal, however, would equally have been 
disengaged. Sir H. Davy has distinguished thb new substance by 
the name of potabsium, which is derived from that of the alkah, 
from which it is procured. I have some small pieces of it in this 
phial, but you have already seen it, as it is the metal which we 
burnt in contact with sulphur. 

Enuhf, What is the liquid in' which you keep it ? 

Mrs. B. It is naptha, a. bituminous liquid, with which J shall 
hereailer make you acquainted. It is almost the only fluid in which 
potassium can be preserved, as it contains no oxygen, and this 
metal has so powerful an attraction for oxygen, that it will not only 
absorb it from the air, but likewise from water, or any body what- 
ever, that contains it. 

Ernily, This,' then, is one of the bodies that oxydates spontanea 
Ottsly without th^ application of heat. 

Mrs. B. Yes.; -and. it has this remarkable peculiarity, that it atr- 
tnucts oxygen much more rapidly from water than ^m air ; so that 
when thrown into watJer,i^owever cold, it actually bursts into flame. 
I shall now throw a smsdl; piece about the size of a pin's head, on 
this drop of water. 

CaroUne. It instantaneously exploded, producing a little flash of 
light .' This is, indeed, a most curious substance ! 

Mrs. B. By its combustion it is re-con>iarted into potash ; and as 
potash is now decidedly a compound body, I shall not enter into any 
of ils properties till we have completed our review of the simple 
bodies ; but we may here make a few observations on its basis, 
potassium. If this substance is left in contact with air, it rapidly 
returns to the state of potash, with a disengagement offbeat, hat 
without any flash of Hght. 

Dmib/. But is it not very singular that it should bum better is 
water than in air ? 

Caroline. I do not think so ; for if the attraction of potassium 
for oxygen is so strong, that it finds no more difficult in separating 
it from the hydrogen m water, than in absorbing it from the air, it 
will no doubt be more amply and rapidly supplied by water than by 
air. 

Mrs. B. That cannot, however, be precisely the reason, for whea 
potassium is introduced under water, without contact of air, the 
combustion is not so rapid, and, indeed, in that case, there is no lu- 
minous appearance ; but a violent action takes place, much heat is 
excited, the potash is regenerated, and hydrogen gas is evolved. 

687. What did this prove ? 
€8B. What is ^is new tabstance called ? 
689. What fluid contains ao oz^geo ? 
680. What remarkable peculiarity has potSMhim ? 
6M. How may potassiam be recomposed ? 

WSL What will be the lesultif gotasaiam is put under water withoot 
in conlaet with aii ? 



Potasstom is so eminently eombnstible, that instead of leqniiBtf 
like other metals, an elevation of tempeiataie, it will burn rapidrf 
in contact with water, even below the fireezing point. This yon 
may witness by throwing a piece on this lump of lee. 

Caroline. It again exj^oded with flame, and has made a deep 
hole in the ice. 

Mrs. B. This hole contains a solntion of potash : for the alkdi 
being extremely soluble, disappears in the water the instant it is 
produced. It» presence, however, may be easil5r ascertained, alka- 
lies having the properties of changing paper, stained with turmeiie, 
to a red color ; if you dip one end of this slip of paper into the bole 
in the ice, you wifi see it change color : and the same if yon wet it 
with the drop of water in wluch the first piece of potassium was 
burnt. 

CaroUrte, It has indeed changed the paper from yellow to red. 

Mrs. B. This metal will bum likewise, in carbonic acid gas, a 
gas that has always been supposed incapable of supporting combus- 
tion, as we were unacquainted with anysubotance that had a greater 
attraction for oxygen than carbon, rotassium, however, readily 
decomposes this gas by absorbing its oxygen, as I shall show yoa. 
This retort is filled with carbonic acid gas. I will put a small pieoe 
of potassium in it ; but for this combustion a slight elevation of 
temperature is required, for which purpose I shadl hold the ret(Nrt 
over the lamp. 

Caroline. Now it has taken fire and bums with violence ! It has 
burst the retort. > 

Mrs. B. Here is a piece of regenerated potash ; can you tell me 
why it has become so black ? 

Jbndbf. No doubt it is blackened by the carbon, which, when its 
oxygen entered into combination with the potassium, was deposited 
on its surface. , ^ 

Mrs. B. You are right. This metal is perfectly fluid at the tem- 
perature of one hundred degrees ; at fifty degrees it is solid, bat 
soft and malleable ; at thirty- two decrees it is hard and brittle, and 
its fracture exhibits an appearance of confused crystallization. It is 
scarcely more than half as heavy as water ; its specific gravity be- 
ing about six, when water is reckoned at ten ; so that tms metal is 
actually lighter than any known fluid, even than ether. 

Potassium combines with sulphur and phosphorts, forming' ^^ 
phurets and phosphorets ; it likewise forms alloys with several met- 
als, and amalgamates with mercury. 

Efmiy. But can a suflicient quantity of potassium be obtained, by 
means of the Voltaic battery, to adnut of all its properties and re 
lations to other bodies, bein£ satisfactorily ascertained P 

Mrs. B. Not easily , but I must not neglect to inform yon that a 
method of obtaining this metal in considerable quantities, has sinee 
been discovered. Two eminent French chemists, Thenard and 
Gay Lussac, stimulated by the triumph which Sir H. Davy Jiad ob* 

693. At how low a temperature will potasnum bom in contact with 
water ? 

694. Why, until the discovery of potassiom, had carbonie aoid gtf 
been considered incapable of supporting eombnstion ? 

695. How does potassium decompose this gas ? 

696. What metal is lighter than any known fluid } 



JOS. 100 



tained, ttttempted to separate potaanum from its oomlHnation Mth 
ozjgen, by common chemical meana, and without the aid of elecv* 
tiicitj. They caused red hot potadi in a state of fiision, to filter 
through iron turnings in an iron tube, heated to whiteness. Their 
ezpenment was crowned with the most complete success; more 
irotassium was obtained by a single operation, tiian could have been 
collected in many weeks by the most diligent use of the Voltaic 
battery. 

Srmiy, In this experiment) I enppose the oxygen quitted its comr 
binatton with the potassium, .to unite with the iron turning? 

Mrs. B. Exactly so ; and thus the potassium was obtamed in its 
^mple state. Frohi that time it has become a most convenient and 
powerful instrument of deoxygenation in chemical experiments.^ 
This important improvement, engrafted on Sir H. Davy's previous 
discovenes, served but to add to his glory, since the facts which he 
bad established, when possessed only of a few atoms of this curious 
substance, and the accuracy of his analytical statements were all 
confirmed, when an opportunity occurredf of repeating his experi- 
ments upon this eubstance, which can now be obtamed in unlimited 
quantities. 

Caroline, What a satisfaction Sir H. Davy must have felt, when 
by an effort of gfenius he succeeded, in bringing to light, and acto^ 
a&y giving existence to these curious bodies, which without him, 
mi^ht perhajps have ever remained concealed Mxxl our view ! 

Mrs. B. The next substance which Sir H. Davy submitted to 
the influence of the Voltaic battery, was Soda, the other fixed alkali, 
which yielded to the same powers of decomposition ; from this alkali, 
too, a metallic substance was obtained, very analogous in its prop- 
erties to that which had been discovered in potash ; Sir H. Davy has 
called it sodivm. It is rather heavier than potassium, though con- 
siderably lighter than water ; it is not so easily fusit^e as potassium. 

Encouraged by these extraordinary results, Sir H. Davy next 
performed a series of beautiful experiments on Ammonia, or the vol- 
aitile sdkaii, which from analogy, he was led to suspect, might also 
contain oxygen. This he soon ascertained to be the fact, but he has 
not yet succeeded in obtaining the basis of ammonia in a separate 
state : it is from analogy, and from the power which the volatile alkali 
lias, in its gaseous form, to oxydate iron, and also from the amalgams 
which can be obtained firom ammonia by various processes, that ths 
prooft of alksii being also a metallic oxyd are deduced. 

Thus, then, the three alkalies, two of which had always beea 
considered as simple bodies, have now lost all daim to that title, and 

have accordingly classed the alkalies amongst the compounds, 
whose properties I shall treat of in a future conversation. 

Emiw. W hat are the other newly discovered metals which yon 
liave alluded to in your list of simple bodies ? 

697. How may potassium be obtained in large quantities ? 
686. In the experiment for obtaining potassium, why did the oxygen 
^t that substance ? 

699. What was tfas next substance submitted to the influence of the 
Voltaic battery? 

700. What was the effect? 

701. iVhat is the substance produoed by the drxMnpoution of soda 
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Mt$. B, Tk^yaie the metak of the earth whidi beeame nexttils- 
ohject of Sir H?X>avy'8 researches ; these bodies had never yet be«i 
decomposed, though they were strongly suspected, not only of being 
compounds, but of being metallic oxyds. From the drcumstanee 
of their incombustibility, it was coniectured with some plausibililji 
that they might possibly be bodies that had been alteady burnt. 

Qtrohne And metals, when oxydated, become, to all appeazanoey 
a kind oi earthy substance. 

Mrs. B. They have besides, several features of resemblance with 
metallic oxyds; Sir H. Davy had, tljerefore, great reason to be 
sanguine in his expectations of decomposing them, and he was not 
disappointed. He could not, however, succeed in obtaining the 
basis of the earths in a pure separate state; but metallic alloys 
were formed with other metals, which sufficiently proved the ex- 
istence of the metallic basb of the earths. 

The last class of new metallic bodies which Sir H. Davy discov- 
ered, was obtained from the three undecompounded adds, the bo- 
racic, the fluoric, and the muriatic acidd ; but as you are entirely 
unacquainted with these bodies, I shall reserve the account of their 
decomposition, till we come to treat of theii; properties as acids. 

Thus in the course of two years, by ^e unparalleled exertions 
of a single individual, chemical science has assumed a new-aspect. 
Bodies have been brought to light which the human eye never be- - 
fore beheld, and which might nave remained eternally concealed 
under their impenetrable disguise. 

It is impossible, at the present period, to appreciate, to their full 
extent, the consequences which science or the arts may derive from 
these discoveries ; we may, however, anticipate the most important 
results. 

In chemical analysis, we are now in possession of mike energetic 
agents of decomposition than were ever before known. 

In geology, new views are opened, which will probably operate 
a revolution in that obscure and difficult science. It is already 
proved that all the earths, and, in fact, t)^e solid surface of this 

globe, are metallic bodies mineralized by oxygen, and as our planet 
as been calculated to be considerably more dense upon the whole 
than it is on the surface, it is more reasonable to suppose that the 
interior of the earth is composed of a metallic mass, the surface of 
which only has been mineralized by the atmosphere. 

The eruption of volcanoes, those stupendous problems of nature, 
admit now of an easy explanation.* For if the howels of the eartli 
are the grand recess of these newly discovered inflammable bodies, 
whenever water penetrates into th^n, combustions and explosions 
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*It is always easy to form a theory. But an explaM,tion of 'these 
stupendous problems of nature," we believe has not yet beea 
demonstrated to the satis&ction of all, though great learning and 

709. What peculiarities have the new metals, discovered by Sir H. 

• 703. What reason had Sir H. Davy for supposing that metsls might 
be decomposed ? 

^' 704. What are earths supposed to be ? 

.'^705. What is su^MMed to form the prineipal interior part of our 
globe? 
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miuit teke place ; and it is remarkable that the lava which is thrown 
out, is the very kind of substance which mighit be expected to 
result jErom these combustions; 

I mnst now take my leave of you ; we have had a very long 
conversation to-day, and I hope you will be able to recollect what 
you have learnt. At our next interview, we a^all enter on a new 
snbjeet. 



^ CONVERSATION Xm. 

ON THE ATTRACTION OF COMPOSITION. 

H^s, B. Having completed our examination of the simple or 
elementary bodies, we are now to proceed to those of a componnd 
nature; but, before we enter on this extensive subject, it will be 
necessary to make yon acquainted with the principal laws by which 
chemical combinations are governed. 

You recollect, I hope, what we formerly said of the nature of 
the attraction of composition, or chemical attraction, or affinity, as 
it is also called. 

Emily. Yes, I think, perfectly ; it is the attraction that subsists 
between bodies of a di^rent nature, which occasions them to com<- 
Inne and form a compound, when they come in contact; and, ac- 
cording to Sir H. Davy's opinion, this effect is produced- by the 
attraction of the opposite electricities, which prevailed in bodies of 
difierent kinds. 

Mrs. B. Very well; 'your definition comprehends the first law 
of chemical attraction, which is, that it takes place ojtly between 
bodies of a different nature;' 9s, for instance, between an acid and 
an alkali ; between oxygen and a metal, &c. 

Caroline. That we understand, of course ; for the attraction be- 
tween particles of a similar nature is that of aggregation, or cohe- 
sion, which is independent of any chemical power. 

Mrs. B. The second law of chemical attraction is, that it takes 
place only between the most minute particles of bodies; therefore the 

immense labor has been bestowed on the subject. If the ''easy 
explanation " is founded on the data here proposed, viz. that the 
soud surface of our globe consists of nothing except metals and 
oxygen, such a theory in the present state of knowledge, mnst 
chiefly consist of supposition piled on supposition; there being ^as 
yet no proof that the crust of the earth is formed only of these two 
elements. — C. 

■■ 

706. How are volcanoes accounted for ? 

T07. What do you understand by the attraction of composition ? 
706. What eause does Sir H. Davy assign for the sttniction between 
bodies of a difierent nature ? 
. 709. What is the first law of chemical attraction f 

710. What is the attraction between particles of a £milar naim« 
called? 

711. What is the seotmd Uw of chemical «ttnetien? 
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niore yoa divide the particles 'of the bodies to be combinldd, tht 
more readily they act upon e^ch other. 

' Caroline, SThat is again a circumstance which we might have 
inferred ; for the finer the particles of the two substances are, the 
more easily and perfectly they will come in contact with each 
other, which must greatly facilitate their union. It was for this 
purpose, you said, that you used iron filings, in preference to wires 
or pieces of iron, for the decomposition of waler. 

Mrs.'B, It wBfi once supposed that no mechanical power could 
divide bodies into particles sufficiently minute for them to act on 
each other ; and that in order to |)roduce the extreme division re- 
quisite for a chemical action, one, if not both of the bodies, should 
be in a fluid state. There are, however, a few instances in which 
two solid bodies, very finely pulverized, exert a chemical action 
on one another ; * but such exceptions to the general rule are veiy 
rare indeed. 

Emily, In a)l the combinations that we have hitherto seen, one 
of the constituents has, I believe, been either liquid or aeriform.— 
In combustion, for instance, the oxygen is taken from the atmos* 
phere, in which it existed in a state of gas ; and whenever we have 
seen acids combine with metals or with alkalies, they w^re either 
in gL liquid or an eriform state. 

Mrs. B* The third law of chemical attraction is, that it can take 
place between two, three, four, or even'a greater number of bodies. 

CaroHne, Oxyds and acids are bodies composed of two constita- 
eats, but I recollect no instance of the combination of a greater 
number of principles. 

Mrs^ B. The compound salts, formed by the union of the metals 
with acids, are composed of three principles. And there are salts 
formed by the comoination of the alkalies with llie earths which 
are of a similar description. 

Caroline, Are they of the same kind as the metallic salts? 

Mrs, B, Yes ; they are very analogous in their nature, sdthoagh 
different in many of their properties. 

A methodical nomenclature, similar to that of the acids, has been 
adopted for the compound salts. Each individual salt derives its 
name firom its constituent parte, so that every name implies a 
knowledge of the composition of the salt. 

The three alkalies, the alkaline earths, and the metals are called 
salifiable bases, or radicals, and the acids, salifying ^principles. The 
name of each salt is composed both of that of the acid and the sali- 
fiable base ; and it terminates^ in at or it, according to the degree 
of the oxygenation of the acid. Thus, for instance, all those salts 
which are formed by the combination of sulphuric acid with any of 
the salifiable bases, are called sulphais, and the name of the radical is 

* This is the case with muriate of ammonia and quick lime. — C. 

712. What is necessary in order that chemical action take plaoe be- 
tween different bodies ? 

713. What is the third law of chemical attraction.^ 

714. How are compound salts formed? 

715. What are called salifiable bases or radicals ? 

716. What are called salifying principles ? 

717. How do saHs ending in ate differ firom those eadiog in «Csf 
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added for the roeciiie distinction of the salt ; if it he potasft, it will 
compose a suiphat of potash ; if ammonia, sulphat ofammoma, &e. 

Emily. The crystals which we obtained from the combination of 
iron and salphuric acid were therefore called sulphat of iron, 

Mrs, B, Precisely ; and those which we prepared by dissolving 
copper m nitric- acid, niirat of coppery and so on. Bat this is not 
all ; if the salt be formed by that kind of acids which ends in ouf , 
(which you know indicates a less degree of oxygenation) the termi- 
nation o Ahe name of the salt will be in tf, as sulpkU ofpotash, svlr 
phit of ammonia, &c. 

Emify. There must be an immense number of compound salts, 
since there is so great a variety of salifiable radicals, as well as of 
salif^ing principles. • , 

Mrs. B. Their real number cannot be ascertained, «noe it in- 
creases every day. But we must not proceed farther in the inves- 
tigation of the compound salts, until we have completed the exami- 
nation of the nature of the ingredients of which they are composed. 

The fourth law of chemical attraction is, that a change of temper' 
ature ahoays takes place at the moment of combination. This arises 
from the extrication of the two electricities in the form of caloric, 
which always occurs when bodies unite ; and also sometimes in part 
from a change of capacity in the bodies for heat, which always takes 
place when the comoination is attended with an increase of density, 
but more especially when the compound passes from the liquid to 
the solid form. I shall now show you a striking instance of a change 
of temperature from chemical union, merely by pouring some ni- 
trous acid on this small quantity of oil of turpentine, the oil will 
instantly combine with the oxygen of the acid, and produce a 
considerable change of temperature. 

Caroline. What a blaze ! The temperature of the oil and the 
acid must be greatly raised, indeed, to procure such a violent com- 
bustion. 

Mrs. B. There is, however, a peculiarity iiuthis combustion, 
which is, that the oxygen, instead of being derived from the atmos- 
pheric air alone, is principally supplied by the acid itself. 

J^nily. And are not all combustions instances of the change of 
temperature produced by the chemical combination of two bodies ? 

Mrs. B. Undoubtedly ; when oxygen loses its gaseous form, in 
order to combine with a solid body, it becomes condensed, and the 
calorie evolved produces the elevation of temperature. The spe- 
cific gravity of bodies is at the same time altered by chemical comr 
binatioo ; for in consequence of a change of capacity for heat, a 
change of density must be produced. 

CaroUne. That was the case with the sulphuric acid and water, 
which, by being mixed together, gave out a great deal of heat, and 
increased in density . 
I I j i I ^— .»^— ^— 11 111 I II - i i II II II ^^^^^^i^— ^„^ 

718. How do acids ending in ie, differ from those ending in cua f 

719. What is the fourth fitw of chemical attraction ? 

720. From what does the change of temperature arise ? 

731. What is an instance of increase of temperatuie from chemical 
Union ? 
723. Is the specific giavity of bodies affected by chemical eombint- 

tiOD.' 
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Mtm, B. The fifth law of chemical attraction is, that the pnpet- 
ties whkh characterixe bodies^ tohen separate, are dUered or destroyed 
by their combination. 

CaroUne, Certainly ; what, for instance, can be so different from 
water, as the hydrogen and oxygen gases ? 

Ernily, Or what more unlike su^hat of iron, than iron or sul- 
phuric acid ? 

Mrs. B. Every chemical combination is an illustration of this 
rule. But let us proceed— 

The sixth law is, that the force of chemical tffiniiy between the conn 
stituents of a body, is estimated by that which is required for their sep- 
aration. This force is not always proportional to the facility with 
which bodies unite ; for manganese, for instaftce, which you know, 
is so much disposed to unite with oxygen, that it is never found in 
a metallic state, yields it more easily than any other metal. 

Emify. But, Mis. B., you speak of estimating the force of attrac- 
tion between bodies, by the force required to separate them ; now 
can you measure these forcen ? 

Mrs. B. They cannot be precisely measured, but they are coat- 
paratively ascertained by experiment, and can be represented by 
numbers which express, at least by approximation, the relative de- 
grees of attraction. 

The seventh law is, that bodies have amongst themselves dtferent 
degrees of attraction. Upon this law, (which you may have discover- 
ed yourselves, long since,) the whole science of chemistry depends, 
for it is by means of the various degrees of affinity which bodies 
have for each other, that all the chemical compositions and decom- 
positions are effected. Every chemical fact or experiment is aa 
mstance of the same kind ; and whenever the decomposition of a 
body is performed by the addition of any single new substance, it is 
said to be effected by simple elective attractions. But it often happens 
that no simple substance will decompose a body, and that in order 
to effect this, youjnust offer to the compound a body which is itself 
composed of two, or sometimes three principles, which would not, 
each separately, perform the decomposition. In this case there are 
two new compounds formed in consequence of a reciprocal decom- 
position and recomposiuon. All instances of this kind are called 
double eHedive attractions. 

Caroline. I confess I do not understand this clearly. 

Mrs. B. You will easily comprehend it, by the assistance of this 
diagram, in which the reciprocal forces of attraction are represented 
by numbers : 

723. What is the fifth law of chemical attraction ? 
7^. What is the sixth law of chemical attraction ? 

725. What ia the seventh law of chemical attraction? 

726. Upon what does the whole science of chemistry depend ^ 

727. What is a simple elective attraction ? 

728. What is a double elective attraction .' 
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Original Compound, 
Nitrate of Lime. 

We here suppose that we are to decompose sulphat of soda; &at 
is, to separate the acid &om the alkaJd : ii for this purpose, we add 
some lime, in order to make it combine with the acid, we shall fidl 
in our attempt, because the soda and the sulphuric acid attract each 
other by a force which is superior, and, (by the way of supposition) 
is represented by the number 8 ; while the lime tends to unite with 
this acid by an affinity equal only to the number 6. It is plain,, 
therefore, that the sulphat of soda will not be decomposed, since a 
force equal to 8 cannot be overcome by a force equal only to 6. 

CaroUne, So fer, this appears very clear. 

Mrs. B. If oh the other hand we endeavor to decompose this 
salt by nitric acid, which tends to combine with soda, we shall be 
equally unsuccessful, as nitric acid tends to unite with the alkali by 
a force equal only to 7. 

In neither of these cases of simple elective attraction, therefore, 
can we accomplish our purpose. But let us previously combine 
together the lime and nitric acid, so as to form a nitrate of lime, a 
compound salt, the constituents of which are united by a power 
equal to 4. If then we present this compound to the sulphat of 
soda, a decomposition will ensue, because the sum of the forces 
which tend to pieserve the two salts in their actual state is not 
eqiml to that oi the forces which tend to decompose them, and to 
form new combinations. The nitric acid, ^erefore, will combine 
with the soda, and the sulphuric acid with the lime.* 

* Suppose we say thus. The sulphuric acid attracts soda with a 
stronger force than it does lime, and soda has a stronger affinity for 
sulpfuiric add than it has for nitric acid. It is plain, then, that nei* 
ther lime nor nitric acid alone will decompose the sulphat of soda. 
Now if we unite the nitric acid and lime, we form nitrate of Ume,-" 

729. What is represented in the diagram ? 

730. Whatissatdinthenoteof tktsvJI^ of this diagram r 
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OaroUne. I understand you now Yetj well. This double eAet 
takes p]aoe because the numbers 8 and 4, which represent the de 
grees of attraction of the constituents of the two original salts, 
maJce a sum less than the numbers 7 and 6, which represent the 
degrees of attxaction of the two new compounds that will in oodm- 
qnence be formed. j 

« Mrs, B, Precisely so. 

Caroline. But what is the meaning of quiesceni and dwdkni 
forces which are written in the diagram ? 

Mrs, B, Quiescent forces are those which tend to preserye comr 
pounds in a state of rest, or such as they actually are ; diveUeot 
forces, those which tend to destroy that state of combination, and 
to form new compounds. 

These are the principal circumstances relative to the doctrine of 
chemical attractions, which have been laid down as rules by mod- 
em chemists : a few others might be mentioned respecting the same 
theory, but of less importance, and such as would take us too £ii 
from our plan. I should, however, not omit to mention that Mr. 
Berthollet, a celebrated French chemist, has questioned the uniform 
operation of elective attraction, and has advanced the opinion that, 
in chemical combinations, the changes which take place and the 
proportions in which bodies combine, depend not only upon the 
affinities, but also, in some degree, on the respective qualities of 
the substances concerned, on the heat applied dufing the process, 
and some other cireumstances. 

Caroline, In that case, I suppose there would hardly be two com- 
pounds exactly similar, though composed of the same materials ? 

Mrs. B, On the contrary it is found that a remarkable uniformity 
prevails, as to proportions, between the ingredients of bodies of 
similar* composition. Thus water, as you may recollect to have 
seen in a former conversation, is composed of two volumes of h}[dro- 
gen gas to one of oxygen, and this is always found to be precisely 
the proportion of its constituents, from whatever source the water 
be derived. The same uniformity prevails with regard to the vaiir 
oos salts ; the acid and alkali, in each kind of salt, being always 
£)und to combine in the same proportions. Sometimes, it is true, 
the same acid, and the same alkali are capable of making two dis- 
tinct kinds of salts ; but in all these cases it is found that one of 
the salts contains just twice, or in some iostances thrice as mudi 
add, or alkali, as the other.* 

But the nitric acid has not so strong an affinity for the lime as it bas 
for soda. On mixing the two salts in solution, therefore, the nitrie 
acid quits the lime, and combines with the soda. This leaves the 
sulphuric acid and the lime free and uncombined ; they then unite 
and form sulphat of lime.— C. 
* The student already understands, that in chemical combinatioos 

the union takes place only between the particles, or atoms, of sab- 

- — ■ ' — "^ 

731. What are quiescent forces ? 

732. What are divellent forces ? 

733. What was the opinion of BerthoUet upon chemical oomhiai* 
tions.^ 

734. What lemarkable uniformity is found to exist in c&mical com- 
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irmhf. If ibe proportion in which &e8e bodies combine is m 
QiOBStant, and bo well defined, bow can Mr. Berthollet's remaark be 
leeonoiled with this uniform system of combination ? 

Mrs, B. Great as that philosopher's anthoritj is in chemistrjr, H 
18 now generally supposed that hn doubts on this subject were in a 
^at degree groundless, and that the exceptions he has observed 
in the laws of definite proportions, haTc been only appavent, and* 
mSY be aocoOiited for consistently with those laws. 

Emify. I think I now understand this law of definite proportions 
tfery weH, so fkr as it regards the gas«s, such as oxygen and hydro- 
gen, in the instalice you hare just mentioned; but in-the case of 
acids and alkalies, where the bodies *are either liquid or solid,'! de 
not conceiTe how their bulks or ^umes oan be measured, in order 
to ascertain the proportion in Which, thejcombine^ 

Mrs. B. Tout question h quite in point ; the ftci is; that the law 
6f combination hy volume^ does not prevail in regard to liquids and 
solids. £ci these we must leave the circumstances Of bulk entirely 
out of consideration. It is to their weight that we must attend, in 
determining the proportions in which ^they combine ; and accord- 
Ing'ly; if we take the combining substanoe in a state of perfect 
INxrity, and ascertain with great accuracy, once for all, the propor- 
tions h^ weight t in which they unite, we shall find that in every 
iithef instance in which these substanees have an om>ortunity (h 
eombinitt^, they wiU unite in the same proportions, and in no other 
— unless it be m such proportions that one of the bodies shall be in 
weight, exactly, doubJe, triple, or (|nadruple what it was in the 
former combination. 



stances. These atoms it is suppled, are invidUe, being the ult^ 
mate particles of which bodies are composed. In chemical combi- 
itattonSf then, where substances are capable of uniting ib only one 
pvoportion, this must be atom to atom. Thus oxygen and hydrogen 
mule* only^ in the proportions of 100 of the former to 750 of the 
latter by weight. Here an atom of oxygen mutes to an atom of 
hydiogen, to form water ; but the atoms <^ oxygen are seven and' 
a half times heavier than those of hydrogen. 

When substances unite in several proportions, the second and 
lliird are always multiples of the first. Thus 100 parts of man- 
ganese will mute to 14, 28, 42, or 56, of oxygen, but not with any 
intermediate quantity, as with 12, 130, 66, &c. This law of definite 
proportions, so far as is knoWn, holds gbod, where the resulting 
compound difi^rs widely from either of the substances of which tt 
is composed, as in the salts, compound minerals, dec. The theory 
of definite proportibns is explained by supposing that a substance 
widch we shall call A, unites with another substance, B, atcmi t^ 
atom, and that thk forms a certain compound. When they unite' 
in the second proportion, two atoms of 6, unite to one of A, and 
this forms aift>^r cotnpound, and so on, until the atotns of A, cam 
«iidte to no more of B. — C. 

■ * I I y III 1 ■ 11 , I "^ I I.I I II ■■ mimm^m^^ 

79&. In what ptopartion ^ oxy^^n and hydrogen imitt to Ibnn' 

736. How'^wmIi iMwmr is oagrgte tlMa hydrogen? 
997. WlmaBidsanddiBriieflmiiieititf&VfffalpfoportiMiSy 
An dO'ltas VKOMCtions hear lo«Beli otiier f 
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CkteoUne, This requu^os a ffood deal of attention to be well xmAet' 
stood ; and I should like to have it illustrated by some particular 
example of these different combinations. . - - 

Mrs. B. Nothing easier than to satisfy you in this Tespect. For 
instanc;e, with regard to bulk, nitrogen ^as is capable ef combining 
with oxygen gas in different proportions; thus one volume <n 
nitrogen, oy combining with one volume of oxygen, forms the sob- 
stance called nitrous gas ; with two volumes of oxygen, it forms 
nitrous acid ^as, &c. And with regard to solids and Uquids, the 
proportions of which are estimated by weight, I may mention, as 
an example, the case of the salt called sulpnat of potash, in which- 
a given weight of potash may combine .with two different propor- 
tions of ^ulphuric acid ; but the quantity of add in one pase is 
exactly double what it is in the other. 

Emily. And P^ay , what can be the cause of this singular uni- 
formity in the law pf combination ? 

Mrs. B. Philosophers have not been ablp to give us any decisive 
information upon this point ; but they have attempted to explain it 
in the followmg manner ; since chemical combination takes place 
between the most minute paxtides of bodies, may we not suppose 
that (!tie smallest particles or portions in which bodies combine^ 
(and which we may call chemical atoms) are capable of uniting to- 
gether one to one, or sometimes one to two, or one to three, &c., 
but that they cannot combine in any intermediate proportion. 

Emily., I5ut if an atom was broken into two, an intermediate 
combination would be obtained ? 

Mrs. B. Yes ; but the nature of the atom is incompatible with 
the idea of any farther division; since the chemical atom is the 
smallest quantity which chemistry can obtain, and such as no me- 
chanical means can possibly subdivide. 

' Caroline. And pray, what is the use of all this doctrine of defi- 
nite proportions ? 

Mrs. B. It is very considerable ; for it enabled chemists to form 
tables, by which they can see at one glance, the composition of all 
the bodies which have been accurately analyzed, and ascertain in 
9n instant, what quantity of one body will be necessary to decom- 
pose a certain quantity of another ; and in general, such tables 
serve to present, in one view, the result of any chemical decompo- 
sitions, and the quantities of the new compounds formed ; by which 
means, a considerable savin? of labor is gained, either in enabling^ 
us to calculate beforehand me results of any manufacturing opera- 
tions : or in estimating those obtained in ansJytical processes. But 
I perceive the subject is becoming rather too intricate for us. We 
must not run the risk of entering into difficulties which might con- 
fuse your ideas, and throw more obscurity than interest upon this 
abstruse part of the philosophy pf chemistry.* 

•This would have been the proper place for mentioning I>r. 
Wollaston's scale of chemical eqmvalents ; but the subject has been 
thought to imply some considerations not sufficiently elementary for 
the purpose of this book. It may, however, be just mentioned, that 
t&e principal object of this scale is to give a tabular view of ih» 
proportions in whieh the several acids and basea combine in forming 
their lespective salts^ and likewise to indicate the equivalent com- 
pounds which result horn their decompositiaQ* The great utility of 
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CaroUne. Pray, Mi^. B., can you decompose a salt by means of 
electrici^^ in the same way as we decompose water ? 

Mrs. Bj. Undoubtedly ; and I am glad this question occurred to 
you, beieause it gives me an opportunity of showing you Bome very 
interesting experiments on the subject. 

K we <&ssoIve a quantity, Jiowever small, of any salt in a glass 
of water, and if we plunge into it the extremities of the wires, 
which proceed from the two ends of the Voltaic battery, the salt 
will be gradually decomposed, the acid being attracted by the posi- 
tive, and the alkali by the negative wire. 

JEmUy. But how can you render that decomposition' perceptible ? 

Mrs, B, By placing in contact vnth the extremities of each wire, 
in the solution, pieces of paper stained with certain vogetable col* 
ers^ which are altered by the contact of an acid or sui alkali. — 
Thus this blue vegetable preparation called litmus, becomes red 
when touched by an acid ; ana the juice of violets becomes green 
by the contact of an alkali. 

But ,the experiment can be made in a much more.distinct manner, 
by receiving the extreinities of the \nres into different vessels, so 
that the alkali shall appear in one -vessel, and the acid in the other. 

Caroline. But then uie voltaic circle will not be completed ; how 
can the effect be produced t 

Mrs. B. You are right ; I onght to have added that the two 
vessels must be connected together by some interposed substance, 
capable of conducting electricity. A piece of moistened cotton 
wick answers this purpose very well. You see that the cotton has 

• Fig. 31. 




Initances oC cbemical decompoaition by the Voltaic Battery. 

'one end immersed ia one ^lass, and the other end in the other, so 
as to establish a commnnication between any fluids oontainc^l in 



this scale, and the peculiar properties which it possesses, though not 
very easily described, mav be readily understood on inspecting the 

instrument, which should oe in the hands of every chemicsd student. 

I ' ■ ' ip .1 I . .1 fc i i ■ .1 I I 

738. Can a salt be decomposed by means of electricity ? 

739. When a salt is decomposed by Galvanism, at which pole does 
the acid appear ? 

740. How would you ezfdaitt Fig. 31 .^ 
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^hem. We shall now pat into each of these glasses a little glauber 
■alt, or sulphat of soda, (which consists of an acid and alkali,) and 
then we shall fill the glasses with water, which will dissolve the 
•alt. Let us now connect the glasses by means of the wires, (e. d.) 

with the two ends of the battery thus 

C&roline. The wires are already giYxng out smaB bubbles: is 
Ihis owing to the decomposition of th,e salt ? 

Mrs. B, No ; these are bubble? produced by the decomposition 
of the water, as you saw in the foimer experiment. In order to 
render ffa& separaticm of the acid from the alkali^ yisible, I pour 
into the glass (a) which is connected with the positive wire, a few 
drops of a solution of litrntis, which the least quantity of acid tum» 
red ; and in the other glass (b) which is connected with the negar 
live wire, Ipour a few drops oif the juice of violets. . . . 

Emily. The blue solution is already turning red all around tli^ 
wire. 

Caroline. And the violet solution ra beginning to turn green.r— 
This is indeed very singular ! 

Mrs.B. You will be stiD more astonished when we vary the ex- 
periment in thia manner. These three glasses (f, g, h,) are, as is 
Fig. 33^ *^® rormer instance, connect^ 

^together by wetted cotton, but 
the middle one contains a sa- 
line solution, the two others 
containing only distilled water, 
colored as before by vegetable- 
infusions. Yet on makmg the 
eonnectioa with the battery, the 
alkali will appear in the nega- 
tive ^lass, (h) and the acid itt 
the positive glass, (f,) though 
>nstaAM8 of chemical decomp€witioB by the neither of them contauted any 
Veiurfc Brttery. saline matter. 

Endhf. So that the acid and alkah must be conveyed right and 
left frc^ the central glass, into the other glasses by means of the 
connecting moistened cottoa I 

Mrs. B. Exactly so, and you may render the experiment still 
more striking by putting into the eentral glass, (k,> an alkaline 

Fig. 33, solution, the i^lauber salt 

_ " • being placed into the 

^ -'^^^ >2^ga. i Wt negative glasa, (1,) and 

the positive glass, (i^ 
oontaining omy water. 
The acid will £e attract-^ 
ed by the positive wire^ 
(m,) and will actuaUv 
appear in the vessel, (i,> 

ZbsUBces of ehwikfti decompoeWon by the Voltaic after pasainff through the 

Battery. alkaline somtfion, (k>)i 

without combining with it, aitheugk you. loiow acids and alkaliea 
are so much disposed to combine. But this eonveisatton has alrea4]^ 

u\_ - - ■■TfT II - . n - 1 I I ' I I II I I III I - IT • ^_.— ^^— ^ 

741. How will you explain the experiment illustrated m Fig., 32? 

742. How will you explain the experiment ilhistiated in Fig. 3^£ 





itodi^acfieedsd^ tmt usinl timits, uid \ire eaonot enlsi]^ mtu^ upon, 
this inliesestuig snbj^t at ptedent. 



CONTERSATION XIT. 

ON ALKALIBS. 

Jlfit) ^. Having now ^ven you some idea of the laws by which 
chemical attractions are governed, we may proceed to the ezam- 
iaation of bodies which are formed in consequence of these attrao- 
tions. 

The first class of compounds that present themselves to our 
notice, in oar gradual ascent to the most complicated combinations, 
are bodies composed of only two principles. The sulphurets, 
phoaphorets^ carburets, &c. are of this description ; but the most 
numerous and important of these compounds are the combinations 
of oxygen with the various simple substances with which it has 
a tendency to unite. Of these you have already acquired some 
knowledge, but it will be necessary to enter into further particulars 
respecting the nature and properties of those most deserving our. 
notice. Of this class are the ai^kaxiICb and the xarths, whid^ 
we shall successively examine. 

We shall first take a view of the alkalies, of which there are 
three, vis. potash, soda, and ammonia. The two first are called 
Jhed aScahes,* because they exist in a solid form at the temperature 
of the atmosphere, and require a great heat to be volatilized. They 
consist as you already know of metallic bases combined with oxyj^en. 
Li potash, the proportions ^e about eighty-six parts of potassium, 
to:»iirteen of oxyeen ; and in soda, seventy-seven parts of sodium 
t» twenty-three of oxygen. The third alkali, ammonia, has been 
distin^^hed by the name of volatile alkali, because its natural., 
form IS that of gas. Its composition is of a more complicated nsL- 
ture, of which we shall speak hereafter. 

Some of the earths bear so strone a resemblance in their proper- 
ties to the alkalies, Uiat it is difficult to know under which head to 

*It has already been stated that a third fixed alkali has lately 
been discovered by Mr. Arfvredson, which has been called hthion. 
It was first found in a Swedish mineral called pekUiie; but has since 
been detected in some other minerals. Though this alkali resembles - 
potaeh and soda in its general properties, yet it has decidedly an 
alkaline substance of its own, capable of forming different salts with^ 
the acids, and havine[ in partieular the property of combining with 
nmeh greater proportions of acid than the other alkalies. 

743: What is the first class of compounds which preaent thema^ves 
to our notice ? 

744. Whsl we instances of this description ? 

745. What «e the alksliesP 

746. Why are potash and soda called. fixed alkalies? 
747k O^ what do the fixed alksUes consist? r 
740. Why is ammonia called volatile ? 

16 • 
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plaoe thei*. The celebmted French chemist, Fooieroy has 
two of them (barytes and strontites) with the alkalies ; but aa lime 
and majpnesia have almost an equal title to that rank, I think it bet* 
ter not to separate them, and theiefore have adopted the common 
method of classing them with the earths, and of diatinguishing 
them by the name of uOcaline earths. 

The general properties of alkaGea are, an acrid bumiag taste, a 
fongent smeH, and a caustic action on the skin and flesh. 

Carolme. I wonder they should be caustic, Mrs. B., since they 
contain so little oxygen. ^ 

Mrs, B, Whatever substance ha» an sanity for any one of &e 
constituents of animal matter, sufficiently powerful to decompose it, 
is entitled to the appellation of caustic. The alkalies, in th^r pure 
state, have a very strong attraction for water, for hydrogen, and for 
carbon, which yon ki^ow, are the constituent principles of oil, and 
it is chiefly by absorbing these substances from animal matter thai 
they eflect its decomposition ; for, when diluted with a sufficient 
Quantity of water, or combined with any oily substance, they lose 
tneir causticity. 

But to return to the general properties of alkaUes — ^they change, 
as we have already seen, the color of syrupof violets,^and other blue 
vegetable infusions to green ; and have, in general, a very great 
tendency to unite with acids, although the respective qualities of 
these two classes of bodies ^rm a remarkable contrast. 

We shall examine the result of the combmation of acids and alka- 
lies more particularly hereafter. It will be saflkiient at present to 
inform you, that whenever acide are brought in contact with alka^- 
lies or alkaline earths, they unite with a remarkable eagerness, and 
form compounds perfectly different from either of their constkuents ; 
these bodies are called neutral or compound salts. 

The dry white powder which you see in this phial is puiecaostie 
POTASH ; it is ver^ difficult to preserve it in this state, as it attracts, 
with extreme avimty, the moisture from the atmosphere, and if the 
air were not perfectly excluded, it would, 4n a very short time, be 
actually meUra. 

Emuy. It is then, I suppose, alwaysr Ibuad in a liquid state I 

Mrs. B. No ; it exists in nature m a great variety of forms and 
eombinatiooe, but it is never found in ita pure separate state ; i^ i» 
eombined with carbonic acid, with which exists in every part of 
tiie vegetable kingdom, and is most commonly obtained from the 
ashes of vegetables, which are the residue that remains after all the 
other parta have been volatilized by combastion. 

Carolme. But you once said, tlmt after all the volatile parts of a 
vegetable were evaporated, the sabstaaoe that remained was char- 
coal? 

Mrs^ J?. I am surprised that ytm should still confound the pro- 
cesses of volatihzation and combustion. In (»der to proeure char- 
coal, we evaporate such parts as can be reduced to vapor by the 

749. What axe the general properties of alkalies ^ 

750. On what does the eanstie property of alkalieadtepend ? 

751. To what color do the alkahes change the vegetatle bines ? 
769. How are neatral or compound salts formed ? 

753. What would be the conseqoenee if caaitic potash were tial 
•eeladed firom the air ^ 



opetAtioti of heat alone ; bnt when we burn the Tegetable, we bun 
the carbon also, and convert it into carbonic aciil ga». 

Caroline. That is true ; I hope I shall make no more mistakeB in 
m/ favorite theory of combnstion. 

Mrs. B. Potash derives its name from the pots in which the 
vegetables, from which it was obtained, used formerly to be burnt f 
the alkali remained mixed with the ashes at the bottom, and was 
thence called potash. 

Emily. The ashes of a wood fire, then, are potash, since they 
are vegetable ashes ? 

Mrs. B. They always contain more or less potash," but are very 
&r from consisting of that substance alone, as tl^ey are a mixture 
of various earths and salts which remain after the combustion of 
vegetables, and from which it is not easy to separate the alkali in 
its pure form. The process by which potash is obtained, even in 
the imperfect state in which it is used in the arts, is much more 
complicated than simple combustion. It was onee deemed impossi- 
ble to separate it entirely from all foreign substances, and it is only 
in chemical laboratories that it is to be met with in the state of 
purity in which you find in this phial. Wood ashes are, however, 
valuable for the alkali which they contain, and axe used for some 
purposes without any further preparation. Purified in a certain 
degree, they make what is' commonly called pearl-ash, which is of 
great efficacy in taking out grease, in washing linen, &e.; for potash 
combines readily with oil or fat, with which it forms a compound . 
well known to you under the name of soap. 

OlroHne. Really! Then I should think it would be better to 
wash all linen with pearl-ash than with soap, as in the latter case, 
the alkali being already combined with oil, must be less efficacious 
in extracting grease. 

Mrs. B. Its efi[ects wouid be too powerful on fine Hnen, and 
wouM injure its texture ; pearl-ash is therefore only used for that 
which is of a strong, coarse kind. For the same reason, you can* 
pot wash your hands with plain potash ; but, when mix^ with oil 
in the form of soap, it is sofk as well as cleansing, and is therefore 
much better adapted to the purpose. 

Caustic potash, as we already observed, acts on the skin, and 
animal fibre, in virtue of its attractions for water and oil, and con- 
verts all animal matter into a kind of saponaceous jeUy. 

EnUfy. Are vegetables the only source from which potash can be 
derived ? 

Mrs. B. No ; for though far most abundant in vegetables, it is by 
no means confined to that class of bodies, being found also on the 
surface Of the earth, mixed with various minerals, espedaUy with 
earths and stones, whence it is supposed to be conveyed in vegeta- 
bles by the roots of the plant. It is also met with, though in very 
■ " ■'■ ' ■' I* ■ II ' 1 1 I III ■■■ ■ III I — „ 

754. Firom what u potash obtained? 

7B5. From what is the term potash derived ? 

766. Of what do wood ashes consist ? 

757. How will soap assist in cleansing clothes fiom grease cnr oil? 

758. Why may not pearl-ash be used for the purpose, without being 
made into soap.' 

750. Is potaaft eonfined to vegetaUes' ^ 



state of potash » tiiat of carbmat; I silppose y»ii imdexstaad wliait 
that is ? 

Emily. I believe bo; though I do not recollect that you ww 
mentionecl the woid before, if I am net mistaken, it must b»s 
comp<»und salt, fonned by the union of cubonic acid with potash. 

Mr9. B. Very tme ; you see how admirably the nomescUture of 
modem chemistry is adapted to assist the memory ; when you hear 
the name of a compound, you necessarily lesnrn what are its eouslit^ 
uent parts ; and when you are acquainted with these oonstitueatSi;^ 
you can immediately name the compound which they form. 

Caroline. Pray, how were bodies aurranged and distinguished 
before this nomenekture was iutroduoed ? 

Mrs. B. Chemistry was then a much more difficult study; for 
every substance had an arbitrary name, which it derived from th# 
person who discovered it, as Gumber^s salts, for instance ; or &om 
some other circumstance relative to it, though quite unconnected 
with its real nature, as potash. 

These names have been retained for some of the simple bodies ; 
for as this class is not numerous, and therefore can easily be r^ 
membered, it has not been thought necessary to change them. 

Emily. Yet I think it woidd have rendered the new-nomenclature 
more complete to have methodized the names of the elementary, as 
of the compound bodies, though it could not have been done in tke^ 
same mannev. But the names of the simple substances might have 
indicated their nature, or, at least, some of their principal prpper- 
ties ; and if, like the acids and compound salts, all the ample bodies 
had a similar termination, they would have been immediately known 
as such. So complete and regular a nomenclature would, I think, 
have given a clearer and more comprehensive view of chemistry 
than the present, which is a medley of old and new teims. 

M*5. B. But you are not aware of the difficulty of introducinfl^. 
into science an entire set of new terms ; it obliges all teaohefrs and 
professors to go to school again, and if some of the old names tiiat 
are least exceptionable, were not lefl as an intaroduotion to the new 
ones, few people would have had industiy and perseverance enoue&t 
to submit to the study of a completely new language ; and the infe- 
rior classes of artists, who can only act from habit and roptine, 
would at least lor a time, have felt material inoonvenieiice f^em a. 
total change of their habitual toms. From these considerations, 
Lavoisier and his colleagues, who invented the new nomenclature, 
thought it most prudent to leave a few links of the old chain, in 
order to connect it with the new one. Besides, you may eaaily 
conceive the inconvenience which might arise from giving a regukur 
ncmendiature to Substances, the simple nature of which is alwayB- 
uneertain ; for the new names might, perhaps, have proved to have 

760. What is the most common slate, of potash ? 

761. What is carbonat ? 

763. How were bodies arranged and djatiagoiriied btfbse the now 
nomenelatore was intcodueed ^ 

' 763w Why hare the old chemical nraies been retained ? 

764. What inconvenience might arise from giving a regular 
dature to subatances, the nature of wfateh- is -uaoertMB ? 
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iMen fomi4od ^ enar.. Aad, indeed^cattttoos «• tbe nyvvpliyra of di^ 
niodern chemieal language have been, k hM alveadjHItoen fouoi 
leeessarj to modiiy it ia maoy reelects. In tbme few ca^es, how- 
iirer, ia whioh new ternui have been adopted jto de«iffpate aimpW 
bodies, thoee names have beea so. contzived aa to iomeate one <^ 
the chief properties of the body in question ; this is the case with 
exTgen, which, as I explained to you, signifies generator of acids ; 
and. hydrogen, generator of water.* If all the desaentary bodies 
bad a Min£r termination as you propose, it would be necessary tot 
dian^ the name of any that might hereafter be found of a com^ 
MBM natujfi, which would be very ineonvenimt in this.>ge oir 
discovery. 

But to return to- the alkalies. We shall now try to melt some of 
this caustic potaah m a little water, as a circumstance occurs during 
its solution very worthy of observation. Do you feel the heat that 
s IHoduced ? 

Caroline. Yes, I do ; but is not thjs directly ccmtrary to our th&r 
•ly of latent heat, according* to which heat is disengafi^ed when fluids 
bebome solid, and cold produced when solids are melted ? 

Mrs, B. The latter is really the case, in all solutions ; and if the 
icduiion of caustic alkalies seems to make an exception to the rule, 
it does not, I believe, form any solid objection to the theory. Tko 
matter may be explained thus : When water first comes in contact 
with the potash, it produces an effect similar to the slacking of lime^, 
that is, the water ia solidified in combining with the potash, and thus 
loses its latent heat ; this is the heat that you now feel, and which 
IS) therefore, produced not by the melting of the solid, but by thd 
solidification (u the fluid. But when th^e is more watear tihtan tho 
potash can absorb and solidify, the latter then yields to the solvent 
power of the water ; and if we do not perceive the cold produoed* 
Dy its melting, it is becaose it is counter-balanced by the heat pre- 
viously disengaged, f 

A very remarkable property of potash is the formation of glass 
by its fusion with siliceous earth. You are net yet accjuainted with: 
this last substance, further than its being in the list of simple bodies. 
"h is sufficient for the present, that you should know that sand and 
flint a^e chiefly composed of it ; alone, it is infusible, but mixed witk 

* It may here be observed, that even with regard to these two 
bodies, the nomenclature is become exceptionable, since it is now' 
found that oxyg^ is one of .the constituents of alkalies as well ad 
of acid, and in particular of the muriatic. 

fThis defence of the general theory, however plaudble, is liable 
tasome obvious objections. The phenomenon might perhaps be 
better accounted for, by supposing that a solution or alkali in water 
has less capacity for heat than either water or alkali in their sepse* 
rate state. 

765. In tiie few eases where new names have been adopted to desig' 
USte aimplg substances, how have these names been contrived .' 

766. W^ interesting <Hreum»tanoe ocqun if eaustie potash is meltsfl 
la water? 

767. How is i^laas made ? 

768. ff caustte potash is put in water, why is hsat disengaged f 
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potash, it melts ^rfaen exposed Uf the heat of a fbinaee, oombbei 
with the alkali and runs into fflass. 

CktroUne. Who would erer nave supposed that the same sabstanoe 
which converts transparent oil into siu^ an opaqae body as soap, 
should transform that opaque substance, sand, into transpareDt 
glass? 

Mrs, B. The transparency or opacity of bodies, does not, I 
eonceive, depend so much on their intimate nature, as upon the 
arrangement of their particles ; we cannot have a more striking 
instance of this, than is afforded by the difierent states df carbon, 
which, though it commonly appears in the form of a black, opaqoB 
body, sometunes assumes the most dazzling transparent form ia 
nature, that of diamond, which, you recf^eot, is carbon, whidi io 
all ' probability, deriyes its beautiful transparency from the pecoliar 
arrangement of its particles during their crystallization. 

Emily. I never should have supposed that the fonnation of giasi 
was so simple a process as you describe it. 

Mrs, B. It is by no means an easy operation to make peifeei 
glass ; for if the sand or flint from which the siliceous earth is ob 
tained, be mixed with any ^letallic particleiB, or other substance, 
which cannot be vitrified, the glass will be discolored, or de&eed, 
by opaque specks. 

Caroline. That I suppose, is the reason why objects so often ap- 
pear irregxdar and distorted through a common glass window. 

Mrs. B. This species of impenection proceeds, I believe, from 
another cause. It is extremely difficult to prevent the lower part 
of the vessels, in which the materials of glass ore fused, from con- 
taining a more dense Vitreous matter than the upper, on account of 
the heavier ingredients falling to the bottom. When this happens, 
it occasions the appearance of veins or waves in the gl^ss, from the 
difference of density in its several parts, which produces an irrego- 
lar refraction of the rays of light which pass through it. 

Another species of imperfection sometmieB arises from the fosion 
not being continued for a length of time sufficient to combine the 
two ingredients completely, or from the due proportion of potash 
and silex (which are as two to one) not being carefully observed ; 
the glass, m those cases, will be liable to alteration from theactioD 
of the air, of salts, and especially of acids which will efiect its 
decomposition by combining with the potash, and forming oom- 
pound salts. 

Emibf. What an extremely useful substance potash is I 

Mrs. B. Besides the great importance of potash in the manti- 
fectures of glass and soap, it is of very considerable utility in many 
of the other arts, and its combinations with several acids, partieo- 
larly the nitric, with which it forms saltpetre. 

769. On what does the opacity of bodie^epend ? 

770. To what does a diamond owe its transparency? 

771 . What is the occasion of the veins or waves diacovered on some 
glass? 

772. What other Imperfection sometimes oecozs in the making of 
glass? 

773. Of what does saltpetre consist? 
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' Carokne. Then saltpetre mndt be a niirat offotash, Bui we axe 
aot yet acquainted with the nitric acid. 

Mrs, B. We shall therefore defer entering into the partieulaxa of 
tlieae combinations till we come to a general review of me compound 
salts. In order to avoid confusion, it will be better at /present to 
confine oufsehres to the alkalies. 

BknUy, Cannot you show us the change of color which you said 
the alkalies produced on blue vegetable mfusions ? 

Mrsr, 3, Yes, very easily. I shall dip a piece of white paper info 
this syrup ef violets, which, you see, is of a deep blue, ana dyes die 
paper of the same color. As soon as it is dry, we shall dip it into a 
flofution of potash, which, though itself colorless, will turn the paper 
green.* 

Otrokne, So it has, indeed ! And do the other alkalies produce a 
similar effect ? 

M^s. B* Exactly the same. — ^We may now proceed to soda, 
which, however important, wiU detain us but a very short time ; as 
in all its general pr^>erties it very strongly resembles potash ; in* 
ioeA^ so great is their similitude, that they have been long confound- 
ed, and they can now iscaroely be distinguished, except by the dif- 
Ibrence of the salts which they form with acids. 

The i^reat source of this alkali is the sea, wh«re, combined with 
a peculiar acid, it forms the salt with which the waters of the ocean 
are so strongly impregnated. 

Emily.- Is not that the common table salt ? 

Mn, B, The very same ; but a^ain we must postpone entering 
into the particulars of this interesting combination, tul we treat ia 
the neutral salts. Soda may be obtained from common salt ; but 
the easiest and most usual method of procuring it, is by the cmnbus- 
tion of marine ^nts, an operation perfectly analogous to that by 
which potash is obtained from veffeta!oles. 

BtrUfy. From what does soda &rive its name? 

Mrs, B, From a plant called by us bod a, and by the Arabs kali, 
which afl^rds it in great abundance. Kali has, indeed, given its 
name to the alkalies in general. 

Oaroline, Does soda form glass and soap in the same manner as 
potash? 

* A very pretty experiment on the change of colors may be made 
as follows : Ms&e a tincture, by pouring coiling water on red cab- 
bage and let it stand a while, rut it into a phial. The color will 
be purple. Take two wine glaases, and into one put a few drops of 
sulphuric acid, and into the other the same quantity of a strong so- 
lution of potash. So little of either will do, that the glasses may be 
inverted for a moment. Then pour the tincture into each, and the 
one containing the acid will appear of a most beautiful red, and the 
other as beautiful a gre 
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774. What is the chemical name of saltpetre } 

775. How may blue vegetable colors be turned green ? 

776. How does soda differ from potash ? 

777. What is the ereat source of soda I 

778. How may soda be obtained ? 

779. From what does soda derive its name .' 



Jfiv. £* TetykdoM ; k k of equal kopoctaiiet in tiie axte, aadk 
even preferred to potash for some purpoBes ; but yoa will notbe aUo 
V^ dktmgiBsli ihMr pr^>6rtifis, tiU we ezaiaiDe the compound salts 
ikhich tMyform wita acids; we must therefore leave soda for the 
pneamt^ sad proceed to ammonia, or the roi.ATii.E alkali. 

lin^, I lonff to hear something ef thk alkali ; » it not of the 
criUBemlafoiishttnshoni,' •%, • . 

Mrs, B. Yes, it k, as ]rou wiU see byesaud bye. Thk alkali k 
sdldon fo«Bd jb nature in its pore state ; k k most commonly ex- 
tnioted ^from a compound salt, called aaL mnmoniaCy which was £n> 
nerlj impMted iicwa Asmtonia, a r^on of I^bk, from ^diich both 
tfaeae- ealts and the alkali derive their names. The or^tak contam- 
ed in thk bottle are specimens of thk salt, which consist of a eombir 
uttioa ef ammonia ai^ muriatic acid. 

CaroUne, Then it should be called muriate (f ammonia ; fer though 
I am ignora&t what muriatic acid is^ yet I know that its eombkatioa 
wkh aimmoBift omaot but be so called ; aad I am suxprised to see 
sail ainnKNuac inscribed on the lab^. 

Mrs, B, That k the name by whidi it has been so lon^ knowBi 
thai the m«»deni (^emkts have not yet succeeded in bankmnff it al- 
together : and it k stiQ sold under diat name by druggkts, tnoagh 
hf eeientifie chemists k k m<Hre properly called mimat of emomook. 

Carolme. Both the popular and cornmon name^ should be ii»3Eibed 
on labels — ^thk would soon introduce the new nomeaolature. 

Emikf. By what means can the ammonia be s&pazated fiom the 
nmislie aeid ? 

Mrs. B. Bj chemical attractions : but thk operation k too cooh 
plkated fi>r }|e« to understand till you are better acquainted with 
the agency ot affinities* 

J>m^. AadwkMi extracted from the salt, whtttkkid of substasM^ 
k ammonk ? 

Mrs. B, Its natTiral £ma, at the temperature of the atmosphere, 
wh^ free fi?om oombias^on, k that of gas ; atMi in thk state it k 
oafled aamnomantd gas. But it mixes very readily vnth water, aoi 
can thus be obtained in a' liquid form, 

OfroMne. You said that ammonk was more complicated k its 
eomposition than the other alkalies ; pray of what principles doe^ 
it eofiskt ? * 

Mrs, B, It was ' discovered a few years since, by BerthoUet, a eel- 
ebwted French chemkt, that it consisted of about one part of hydro- 
gen toibur parts of nitrogen. Having heated ammoniacal gas ua* 
Star « seeeiver, by causing the eleetri«d spark to pass repeatedW 
tteagii k, he found that it increased oonsideiabiy m bulk, lost afl 
itsalradine properties, and viras actually ooaverted into hydrogen and 
nitXDgen gases : and from the latest aad most accurate experimeiM 
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780. Can glass and soap be formed from c^a as well ai from potash .' 
281. From what does ammonia derive its lime } 

782. From what k it mostly obtained ? 

783. What k the proper chemical name of thk volatile alkali iP 

784. How can ammonia be s^arated from nniriatk acid? 

785. How is ammoniacal gas obtained ? 

786. Under what form does it appear when pure ? 

787. Of what principles does ammpiBa coasist t 
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tbe mmr&Qas araear to be; om veloae of nitvomn gaa, to tihne 

of oxygen gas.* 

Caroline. Ammonia, tbexefore, has not, like the two other alka» 
liM, a metallic bai^. 

Mrs. B. It is believed that it has, though it is extremely difficult' 
to reconcile that idea, with what I have just stated of its chemical 
nature. But the &ct is, that although this supposed metallic basis 
of ammonia has never been obtained distinct and separate, yet boUi 
Phifessor Berzelius of Stockhotai, and Sir H. Davy, have succeed- 
ed lA ibrming a combination of mercury with the basis of aomiom' 
which has so muclL the appearance of an amalgam, that it strongly - 
corroborates . the idea of ammonia having a metallic basis.f But • 
tbeae theoretical points are full of difficulties and. doubts, and it 
would be useless to dwell any longer upon them. 

Let us therefore return to the properties of volatile alkali. Ai»- 
jnoniacd gas is considerably lighter than oxygen gas, and only 
about half the weight of atmospherical air. It possesses most of the 
properties of the fixed alkalies ; butr cannot be of so mueh use hk 
the arts on account of its volatile nature. It is, therefore, never 
employed in the manufkcture of glass, but it forms soap with oils 
equally as well as potash and soda ; it resembles them likewise in 
its strong attraction for water ; for which reason it can be collected ^ 
in a reeeiver over mercury only. 

Carokne. 1 do not understand this. 

Mrs. B. I>o you recollect the method which was used to coileel 
^ases in a glass receiver over water? 

CmroUne. Perfectly. 

Mrs. B. Ammoniacal gas has sq strong a tendency to unite wkk - 
water, that instead of passing through that duid, it would be instant 
taaeottsly absorbed by it. We can therefore neither use water f&i 
that purpose, nor any other liquid of which water is a component 
part; sO that in order to collect this gas, we are obliged to have re* 
course to mercury, (a liquid which has no action upon it,) and a 
mercurial bath is used instead of a water bath, such as we en^iioyed 
on former occasions. Water impregnated with this gas/ is nothing 
more than the fluid which ^roa mentumed at the. beginning of Uw 
conversation — ^hartshom; it is the ammoniacal gas escaping froo^. 
the wHter, which gives it so powerful a smell.| 

* It ought to be h^ogett gas. — C. 

f This amalgam is ea^y obtained, by {dadng a globule of mevi' 
oory upon a piece of muriat, or carbonat of ammonia, and eleetxi^ 
tng this globule by the Voltaic battery. The globule instantly m^ 
gins to expand to three or lour timee its former size^ and becomes ' 
maeh less fluid, though withont losing its metallic Ittistre, a changes 
which is asciibed to the metaUic basis of ammonia uniting with the 
mercury. Tlus is an extiiyaely cuzious experiment. 

X To obtain ammoniacal gas, mix together equal parts of muriate • 
of ammonia, and dry burnt lime; afier p^verisdng each separately. 
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788. Has ammenia a metallic basis ? 

789. What is the specific gravity of ammoniacal ffas^ 

790. How does aiftmonia resemble potash 'an^s«Kw^ 

791. Why cannot ammonia be collected in a receiyer 6*f0r 

792. What is hartshorn ? 

17 
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JBmify. Bat lliexe is no appearuiee of elQervwoenee in EaitBliom 

Mrs. B. Because the particles of gas that rise from the water, ato 
too subtle and minute for their efiect to be visible. 

Water diminishes in density, by beioff imptegnated with ammo* 
i^acal gas; and this augmentation of buDt inereases its capacity lor 
caloric. 

■Enulf. In making hartshorn, then, or impregnating water with 
smmonia, heat must be absorbed and cold prcKiuoed? 
' Mrs, B. That effect would take place if it was not counteracted 
\fy another circumstance; the gas is liquefied by inoorporaliBff 
with the water, soid^ives but its latent heat. The condensation of 
the gas more than counterbalances the expansion of the water"^ 
therefore, upon the whole, heat is produced. But if you dissolve 
ammoniaeal gas with ice or snow, cold is produced.^— 4Z^an you w> 
ooont for that? 

Emibf. Tlie gas in being condensed into a liquid, must give oat 
heat ; and on the other hand, the snow or ice in being rare&d ints 
& liquid, must absorb heat ; so itiiat between the opposite efiects, I 
riftould have supposed the oiiginal temperature would have beoi 
pk^oserved. 

Mrs, B. But you have forgotten to take into the aoooaat the 
Ttre&ction of die water (or melted ice,) by the impregnation of ^ 
gas, and this is the cause of the cold which is ultimately produced. 

Caroline. Is the sal volattUy (the smell of which so strongly n^ 
•embles hartshorn) likewise a preparation of ammonia ? 

Mrs. ^. It is carbonat of ammonia dissolved in water ; and which 
in its concrete state is commonly called salts of hartshorn. Aat* 
monia is caustic, like the fixed aUcalies, as you may judge by the 
pfungent efiects of hartshorn, which cannot oe taken internally, nor 
Implied to delicate external parts, without being- plentifully dilated 

nd) them together in a mortar ; put them into a retort, and apply 
the heat of a lamp. Or, the common spirit of sal ammoniac may m 
heated in a retort in the same way. To collect and retain the gas 
without a mercurial bath, fix a receiver or bottle in an inverted po- 
sition, and connect to the retort a tube, whidi introduce up ioto 
the receiver, so that it nearly reaches the bottooa. As the gas 
oomes over, its levity is such, that it fills the upper part of the re* 
oeiver first, gradually driving out the air, and taking its place. To 
keep it for any considerable time, the receiver must be stopped. A 
pretty experiment tn&y be made by introducing up into the receiv- 
er with the ammonia, some muriatic gas. Both gases are invisible 
mitil they are brought together, when they unite, forming a dense 
white doud, and faU down in the solid form of muriat ofarhmonia. 
The muriatic g^ss is obtained by pouring sulphuric a^d on common * 
■alt, and applying the heat of a lamp. It may be sent up into tho 
receiver in the way above described, for ^ipimionia.— O. 
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703. What change is produced on water by being impregnated with 
ammoniaeal gas? , 

7d4. Why is cold produced if ammoniaeal gas is dissolved with 
■BOW or ice r 

795. How can aimmamacal gas he rstamsdfor esferimmU wiAmI 
mmtrcmial iaikf 

796. What is sal volatile? 






vnSa, water. Oil and addd ar& yery dzoeUent antidotes ibr alkalint 
pdsons; can you guess why ? 

Caroline, rerhaps, because the oil combines with alkali, and 
forms soap, and thus destrojrs its caastic properties; and the add 
ecayerts it into a compound salt, which, i suppose, ia not so perni- 
cious as caustic alkali. 

Mrs, B, Precisely so. 

Ammoniaeal gas, if it be mixed with atmospherical air, and & 
burning taper repeatedly lounged into it, will bum with a larga 
flame of a peculiar yellow color. 

Emihf, But, pray, tell me, can ammonia be procnred from this 
Lybian salt only ? . 

Mrs, B, So far &om it, that it is contained in, and may be eai^ 
tnded firom, all animal substances whatever. Hydrogen and n>> 
tix>gen are two of the chief constituents of animal matter ; it is there- 
fee not surprising that they should occasionally meet and combine 
in those proportions that compose ammonia. But this alkali m 
tnoie frequently generated by the spontaneous decomposition of ai^ 
imal substances; the hydrogen and nitrogen gases that arise from 
putrefied bodies combihe and form the volatile alkali. 

Muriat of ammonia, instead of being exclusively brought from 
Lybia, as it originally was, is now chiefiy prepared in Europe, by 
ch^Qoical processes. Ammonia, althougn principally extracted 
from this i^t, can also be produced by a great variety of other sub- 
stances. The horns of cattle, especially those of deer, yield it m 
abundance, and it is &om this circumstance that a solution of am- 
monia in water has been called hartshorn. It ma^y likewise be pn>- 
onred from wool, flesh, and bones ; in a word, any animsL nbstanoe 
whatever, yields it by decomposition. 

. We shall now lay aside the alkalies, however imoortais the sub^ 
^t may be, till we treat of their combination witn acida The next 
time we meet we shall examine the earths. 



CONTERSATION XY. 

Oer EARTHS. 

» 

Mrs. B, The xarths, which we are to day s examine, are niiM 
in number. 

SILEX, BTROmrXTKB, 

' "* There is less evidence that these four eail le are composed oif 
metallic bases thah there is m the case of amn raa, which it will be 
■ ' I 1 1 i» I ■ II ■ ■ ■■ » I I II I ■ I II 1 1 

797. Why are oils and acids good antidotes for Jkaline poisons ? 

796. From what can ammonia be procured ? 

799. What are the chief constituents of animal matter? 

800. Why has a solution of ammonia in water 1 jen called hartshoni? 

801. How many earths are there ? 
BOB. What are their names? 



Al^VMIiri:, TTTRIA, 

BARYTE»,* GLIEFCINA, 

I.IME,* ZiaCONIA. 
MAGNESIA,* 

The last three are of late disGoyery ; their properties aie^ hut 
imperfectly known ; and as they have not yet been applied to use, 
it will be unnecessary to enter into any particulars respecting them. 
We shall confizfe oar remarks, therefore, to the first five. They are 
composed, as you have already learnt, of a ^letallic basis combined 
with oxygen ; and firom this circumstance are incombustible. . 

Ccaro&ne. Yet I have seen turf burnt in the country, and it makes 
an excellent fire ; the earth becomes red hot, and produces a very 
great quantity of heat. 

Mrs. B, It is not the earth that bums, my dear, but the rootr, 
grass, and other remnants of vegetables that are intermixed with it. 
. The caloric which is produced by the combustion of these substan- 
ces, makes the earth red hot, and this being a bad conductor of 
heat, retains its caloric a long time ; and were you to examine it 
when cool, you would find that it had. not absorbed one particle of 
oxygen, nor suffered any alteration from tlie fire. Earth is, how- 
ever, from the circumstance just mentioned, an excellent radiator 
9if heat, and owes its utility, when mixed with fuel, solely to that 
•property. It is in this point of view, that Count Rumford has re- 
commended balls of mcombustible substances to be arranged in fire 
places, and mixed with the coals, by which means, the (viloric dis- 
CB^^ed by the combustion of the latter, is more perfectly reflected 
into the room, and an expense of fuel is saved. 

Emily, I expected that the lists of earths would be much more 
considerable. When I think of the immense variety of soils, I aftt 
astonished that there is not a greater number of earths to form them. 

Mrs. B, xou might, indeed, almost confine that number to four; 
for barytes, strontites, and the others of late discovery, act but so 
gmall a part in this great theatre, that they cannot be reckoned as 
essential to the general formation of the globe. And you must not 
confine your ideas of earths to the formation of soil ; for rock, mar- 
ble, chalk, slate, sand, fiint, and all kinds of stones, from the pre- 
cious jewels to the commonest pebbles ; in a, word, sill the immense 

remembered, was supposed to have formed an amalgam with mer- 
cury, and on thi^ account was supposed to have had a metallic ba- 
•lus. Of the other earths, no one except Dr. Clarke, ©f Cambridge, 
£ng., has pretended to oflTer any but conjectural evidence of their 
metallic nature. This gentleman-, on submitting them to the heat 
of the blow pipe, charged'with oxygen and hydrogen, was led to be- 
lieve he had obtained their metallKS bases. $ut as 4)13 experiments 
have been repeated at the Royal Institution wMiout success,- it is 
aow understood that the Dr. must have been mistaken. — C. 

803. Of what are the earths composed ? 

804. Why ftfe the earths incombustible ? 

805^ Why, then, is turf used for fuel in some conatnes ? 
iJ06. Why is tlie earth, a good radiator of heat ^ 
807. What is said of baiYtes aiid stE0iitit«8y a» eoastitviliiig a f^ 
of the globe? 



•^rsriefy of rakiertil iprddiifitB, tes^r be wktteA ti^ 4iOmfi of J(kfim 
feaacilaHf either as a simple -state, or oomblnM the Qr<.3 i;vith the othes, 
'or bJeoded with other ingredients. 

Caroline, Precious stones composed of earth ! That seOms veryr 
diffieait to conceive. 

Emily, Is it more extraordinary than that the TSiost precious of 
<idl jewels, diamond, should be coir'posed of carbo:^.? But diamonid 
forms aii exception, Mrs. B.; for^ though a stone, 1^ is not composed 
of earth. 

Mrs, B, I did not specify the exception, as I ksew you were so 
well acquainted with it. Besides, I would call a diamond a mineral 
'rather than a stone, as the latter term always imf^es the presence 
of some earth. 

Caroline. I cannot conceive how such coarse materials can be 
converted into such beautiful productions. 

Mrs. Bu We aie very far from understanding all the secret re- 
sources of nature ; but 1 do not think the spontaneous formation (MT 
the crystals, which we call precious stones, one of the most difficult 
phenomena to comprehend. 

By the slow and regular work of ages, perhaps of hundreds x^ 
ages, these earths may be gradually dissolved by water, and as 
gradually deposited by their solvent in the undisturbed process of 
crystallization. The regular arrangement of their particles, during 
their re-union in a solid mass, gives them that brilliancy, transpah 
rency, and beauty, for which they are so much admired ; and ren- 
ders them in appearance so totally different from their rude and 
primitive ingredients. 

Caroline. But how does it happen that they are spontaneously 
dissolved, and afterwards crystallized ? 

Mrs. B. The scarcity of many kinds of crystals, as rubies, eme- 
ralds, topazes, &c., shows that their formation is not an operatioa 
very easily carried on in nature. But cannot you imagine that when 
water holding in solution some particles of earth filters through 
the crevices of hills or mountains, and at length dripples into some 
cavern, each successive drop may be slowly evaporated, leaving 
behind it the particle of earth which it held in solution? You 
know that cr3rstallization is more regular and perfect, in proportion 
as the evaporation of the solvent is slow and uniform; nature 
therefore, who knows no limit of time, has, in all w(»:ks of this 
kindj an infinite advantage over any artist who attempts to imitate 
such productions. 

Emily* I can now conceive that the arrangement of the particloe 
of earth during crystallization, may be such as to occasion transpa- 
rency, by admitting free passage to the rays of light ; but I cannot 
understand why erystallized earths should assume such beautiful 
colors as most of thom do. Sapphire, for instance, is of a celestial 
blue ; ruby, a deep red; topaz, a brilliant yellow ! 

-I ■ I »■■ I I, 11 . 1.. II — • I I.. ■ IP. II I .11 II lllll.,! 

808. What valuable substance do the earths compose ? 

809. Is it deemed difficult to understand the spontaneous fbnaatitii 
of cnrstal ? 

8Iu What does the scarcity of many kinds of crystals show f 
811 How may it be supposed that they are formedT^ 

17» 



Mrs, B. HtMag !• more simple than to soppoee tltatlhe !»• 
nngement of their particles is such, as to transnut some of the 
Colored rays of light, sad reflect others, in which case the stoni 
Biiist appear of the color of the rays which it reflects. But hesides, 
H frequently happens that the color of a stone is owing to a mixuae 
of some metallic matter. 

QtrvUne, Pray, are the diflerent kinds of precioa» stones each 
composed of one indindual eaith, or are they formed of a oembi- 
aation of seTeral earths? 

Mrs. B. A great yariety of materials enters bto the compositiaii 
of most of them ; not only several earths, hut sometimes sahs aad 
metals. The earths, howerer, in their simple state, freqoen^ 
form yery beautiful crystals ; and, indeed, it is in that stale eidy 
Ihat they can be obtained perfectly pure. 

£mify. Is not the Derbjrshire spar produced by the crystallidh 
tioo of earths, in the way you have just explained ? I have been 
bk some of the subterraneous eayems where it is found, which sxe 
•mulajr to those you have described. 

Mrs. B. Yes ; but this spar is a very imperfect specimen ef 
erystaUizatioii ; * it consists of a rarietv of ingredients confasedly 
blended together, as you may judge by its o^pacity, and by the 
f azious colors and appearances which it exhibits. 

But, in examining the earths in their most perfect and agreeaUe 
form, we must not lose sight of that state in which they are com- 
monly found, and which, u less pleasing to the eye, is fiir moie 
interesting by its utility. 

All the earths are more or less endowed with alkaline propertifli; 
but there are four, barytes, magnesia, lime, and strontites, whkb 
are called alkaline earths, because they possess those qualities in so 
great a degree, as to entitle them, in most respects, to thcTaiA of 
alkalies. They combine and form compound saHs with acids, in 
the same way as alkalies; they are like them, susceptible of a ooa- 
mderable deg^ree of causticity, and are acted upon in a similar man- 
lier by cheimeal tests. — ^The remaining earths, silex and alumins, 
with one or two others of late discovery, are in some degree more 
earthy, that is to say, theyvpossess more completely the properlieB 
common to all the earths, which are insipidity, di^ess, onalterir 
bleness in the fire, infusibility, &c. 

CaroHne. Yet, did you not tell us that sOex^ or siliceeos esrtli» 
when mixed with an alkali, vms fusible, and run into glass ? ^ 

Mrs, B, Yes, my dear ; but the characteristic properties of eaitfaSt 

* The Derbyshire roar is oompesed oi&ne nndjhoric aeid ; henee 
it is called JkuOe of ame. The colors are owing to intermixtnie 
with metallic oxides. It is a very beautiful mineral, and instead of 
being opaque, it is generally translucent, or nearly transparent.'-C. 

812. Whence may it be Bupposed they receive their beautifal edsBir 

813. What is an instanoe of simile earths in a stats of crystallia 
lion? 



814. Wkatuihte4nimotitwmef Dtrhfshirs^airf 

815. What are alkaline earths.* • 

816. Why are the^jr so called? 

817. What properties aie coomioB to all eailhs> 



• -^'tiuEac.. HI 

tmlmh I hftTo mentioned, are to be ooniidered a» bdoftging to tbem 
tB a state of parity only ; a state in which they are yery seldom to be 
met with in nature. Besides these general properties, each earth 
has it own specific characters,, by which it is distinguished from 
any other substance. Let us therefore review them separately. . 

SiLxx, or SILICA, abounds in fiint, sand, sandnstone, agate^ 
jasper, &c.; it forms the basis of many precious stones, and par- 
tiemarly of those which strike fire with steel. It is rou^h to the 
touch, scratches and wears away metals-; it is acted upon oy no acid 
•bat the fluoric, and it is not soluble in water by any known process ; 
hat nature certainly dissolves it by means with which we are unao* 
^nainted, and thus produces a yariety of siliceous crystals, and 
asnongst these, rock crystal^ which is the purest specimen of thip 
earth. Silez appears to have been- intended by Providence to form 
^e solid basis of the globe, to serve as the foundation for the original 
•momitains, and give them that hardness and durability which has 
enabled them to resist the various revolutions which the surface of 
the earth has soccessively undergone. From these mountains silice- 
ous rocks have, during the course of ages, been ^radusdly detached 
bjr torrents of vrater, and brought down in fragments ; these, in the 
violence and rapidity of their descent, are sometimes crumbled to 
sand, and in this state form the beds of rivers aiid of the sea, chiefly 
eomposed of silieeous materials. Sometimes the fragments are 
broken vnthout being pulverized by their fsdl, and assume the form 
of pebbles, which mdually become rounded and polished^ 

bmly. Piray, what is the true color of silex, which forms sudh 
a yariety of diflferent colored substances ? Sand is brown, flint is 
nearly black, and precious stones axe of all colors. 

Mrs, B. Pure silex, such as is found only in the chemist's labora- 
tory, is perfectily white, and the various colors which it assumes in 
the difierent substances you have just mentioned, proceed from the 
difierent ingredients with which it ii| mixed in them. 

Carohne^ I wonder that silex is not more valuable, since it forms 
the basis of so many precious stones.* v 

' Mrs. B^ You must not forget that the value we set upon precioos 
stones depends in a great measure apon the scarcity with which 
nature affords them ; for were those productions either common ox^ 
perfectly imitable hy art, they would no longer, notwithstanding 
their beauty, be so highly esteemed. But the real value of siliceous 
earth in manj of the most useful arts, is very extensive. Mixed 
vith clay, it rorms the basis of all the various kmds of earthen ware, 
finnn.the most common ntensils to the most refined ornaments. 

BmUy, And we must recollect its imponance in the formation of 
glass with potash. 

Mfs, B. Nor should we omit to mention, likewise, many otheT 

* The bases of some of the most costly gems, as sapphire, ruby 
«Dd topaz, are alumine. — C* 

818. In what ia silex chiefly found ? 

819. What is the purest spedmen of silez ? 
890. What is the color of silex ? 

821. Upon what does the valne of {Krecious stones depend ? 
GS3. For wlMt important uses is silex chiefly valuable t 



m 

fnpertam umb of aalex, saeh as heing tlM <9ii8f ingndtoit of 'flotte 
of the most duTstble cement, of mortar, &e. 

I said before thsA siKceous earths combined with do acid but ih« 
flaoric ; it is for this reason that glass is liable to be attacked bjr 
that acid only, which, from its strongs affinity to silez, forces that 
substance from its combination with Uie potash, and thus destroys 
the ^lass. 

We shall now hasten to proceed to the other earths, for I am rather 
apprehensive of your growing weary of this part of our subject. 

Caroline. I confess that the history of the earths is net quite^so 
entertaining as that of the simple substances. 

Mrs. B. Perhaps not * but it is absolutely indispensable that you 
should know something of them; for they form the basis of so 
many interesting and important compounds, that their total omis- 
sion would throw great obscurity on our general outline of chemieai 
science \¥e shall, however, review them ^ as cursory a manner 
as the subject can aidmit of. 

Alitmini: derives its name from a compound salt called ahum^ of 
which it forms the basis. 

Caroltne. But it ought to be just the contrary, Mrs. B. ; the simple 
body should give, instead of taking, its name from the compound. 

Mrs. B. That is true ; but as the compound salt was known long 
before its basis was- discovered, it was very natural that when the 
earth was at length separated from the acid, it should derive its 
name from the compound from which it was obtained. However, 
to remove your scruples, we will call the salt according to the new 
nomenclature, sulphat of dhtmine. From this combination, alumina 
may be obtained in its pure state ; it is then soft to the touch, makes 
a paste with water, and hardens in the fire. In nature it is found 
chiefly in clay, whieh contains a considerable proportion of this 
earth ; it is very abundant in fullers' earth ^«late, and a variety otf 
other mineral productions. There is indeed scarcely any minerid 
substance more useful to than kind than alumine. Li the state of 
clay, it f(Mrms large strata of the earth, gives consistency to the soil 
of valleys, and of all low and damp Spots, such as swamps and 
marshes. The beds of lakes, ponds, and springs, are almost en- 
' tirely of clay ; instead of allowing of the filtration of water, as saad 
-does, it forms an impenetrable bottom, and by this means water is 
aocumulated in the caverns of the earth, producing those zeservoiis 
whence springs issue, and spout out at the surface. 

Emily. I always thought that these suoterraneous reservoirs of 
water were bedded by some hard stone, or rock, which the water 
oould not penetrate. 

Mrs, B* That is not the case ; for in the course of time, water 

would penetrate, or wear away silex, or any other kind of stone, 

while it is effectually stopped by clay, or alumine. 

The solid compact soils such as are fit for oom, owe their oonsist- 

■ ' - ... -. ■ . ■ I ' l »,i i.»^. 

823. How, and why does the fiuorio acid destroy glass ? 

824. Why is it necessary to understand the natare of the earths ? 

825. From what does alumine derive its name f 

826. What is the sulphat of alumine ? 

827. In what is alnmme chiefly found P^ 

838. In what kind of aoU does it occur 'roost abundantly ? 



«BO0 in a great measnie to almmne ; . tfan earth is theie&ffe tsed.flo 
iBipiove sandy or chalky soils, whieh do not latam^a sufiioiejit quan- 
tity of water for the purpese of yegetation. 

Alumkie is the most essential ingredient in all potteries. It en- 
ters into the composition of brick, as well as that of the finest por- 
celain : the addition of silex and water hardens it, renders it aus- 
eeptible oi a degree of vitrification, and makes it perfectly fit for its 
various purposes. 

Ccofohne. I can scarcely conceive that brick and china should be 
made of the same materials. 

Mrs, B, Brick consists almost entirely of baked c{ay ; but a cer- 
tain proportion of silex is essential to the formation of earthen or 
stone ware. In the common potteries, sand is used for that purpose; 
a more pure silex is,* I believe, necessary for the composition of 
porcelain, as well as a finer kind of clay ; and these materials ar^ 
no doubt, more carefully prepared, and curiously wrought in the 
one case than in the other. Porcelain owes its beautiful semi-trans- 
parency to a commencement of vitrification. 

EfnUy. But the commonest earthenware, though not transparent, 
is covered with a kind of glazing. 

Mrs. B. That precaution is equally necessary for use as for beau- 
ty, as the ware would be liable to be spoiled and corroded by a va- 
nety of substances, if not covered with a coating of^jthis kind. In 
porcelain it consists of enamel, which is a fine white opaque glass, 
formed of metallic oxyds, sands, salts, and such other materials as 
axe susceptible of vitrification. The glazing of common earthen- 
ware is made chiefiy of oxyd of lead, or sometimes merely of salt, 
which, when thinly spread over earthen vessels, will, at a certaxn 
heat, run into opaque glass. 

Caroline. And of what nature are the colors which are osed fiir 
painting porcelain ? 

Mrs. B. They are all composed of metallic oxyds ; so that these 
colors, instead of receiving injury from the apphcation of fire, are 
strengthened and developed by its action, which causes them to un- 
dergo different degress of oxydation. 

Alumine and silex are not only often combined by art, but they 
have in nature a very strong tenaency to unite, and are found com- 
bined in different proportions, in various gems and other minerals. 
Indeed, many of the precious stones, such as ruby, orioetal sap- 
phire, amethyst,f &c. consist chiefly of alumine. 

We may now proceed to the alkaline earths ; I shall say but a few 
words on barytxs, as it is hardly ever used except in chemical 
■■■ ■■ ■ 

* Porcelain clay, of which China, ware is made, is ibnnd among 
granite rocks, and seems to owe its origin to the decomposition of a 
mineral called feldspar. Its composition is silex and alumine, sflex 
being the predominant ingredient. — C. 

f The amethyst is almost entirely composed of silex. — C. 

■ II 11 III , ■ II ■ IM.— .^.»^— 

8^. What is tbe use of alumine for purposes of vegetation ? 
690. Whfit is the use of it in works of art ? 

831. To what is the transparency of porcelain owing ? 

832. Of what is the glazing of common earthen ware made ? 

833. What is the nature of the cc^ors which are used for punting 
poroelun i 
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laboTatoiies; It is remarkable for its great weiglit, and- its nttomg 
alkaline propertj^es, such as desifcroying animal sabstaneas, tumin^ 
^een some nine Vegetable colors, and showing a powerful atti'iac- 
tion for acids ; this last property it possesses to sucii a de|pfee, par- 
ticularly with regard to the sulphuric acid, that it wfll always de- 
tect its presence in any substance or combination whateyer, byim- 
mediately uniting wiUi it, and forming a sulphat of barytes. This 
renders 4t a very valuable chemical test. It is found pretty abmt- 
dantly in nature in the state of carbonat * from which the pure earth 
can be easily separated. 

The next earth '^e have to consider is Liif x . This is a substance 
of too great and general importance to be passed over so li^tly as 
the last. 

Lime is strongly alkaline. In nature it is not met with in its 
simple state, as its affinity for water ai\d carbonic acid is so great 
that it is always found combined with these substances, with- which 
it forms the comi&on limestone ; but it is separated in the kiln &om 
these ingredients, which are volatilizBd whenever a sufficient degree 
ofheat is applied. 

Emib/^ rure lime, then, is nothing but limestone^ which las 
been deprived, in the kiln, of its water and carbonic acid ? 

Mrs. B. Piecisely ; in this state it is called quidt kme, and it is so 
caustic, that it is capable of decomposing the dead l^odies of animals 
very rapidly, without their undergoing the process of putre&ction. 
I have here some quick lime, which is kept carefully corked up in 
a bottle to prevent the access of the . ak ; for were it all exposed to 
the atmosphere, it would absorb both moisture and carbonic acid 
gas from it, and be soon slaked. Here is also some limestone — ^we 
shall pour a little water on each ,^ and observe the effects that result 
from it. 

Caroline. How the quick lime hisses ? It is become excessiv^y 
hot! — ^It swells, and now it bursts and crumbles to powder, wbdle 
the water appears to produce^ no kind of alteration on the lime- 
rtone. ■ ■ ,- 

Mrs. B, Because the limestone is already saturated* with water, 
whilst the quick lime, which has been deprived of it in the* kiln, 
combines with it with very great avidity, and produces this prodi- 
gious disengagement of heat, the cause of which I formerly explain- 
ed to you ; do you recollect it ? 

Emily. Yes ; you said that the heat did not proceed from the lime 

j ^- ■ ■ ■ ■ 

* The native carbonat of barytes is a i-are mineral. It is a vint- 
lent poison. The sulphat of barytes is found in considerable abm^ 
dance. — C. 

834. FoF what is barytes remarkable ? 

835. For what is it valuable ? 

636. Where is it abundantly found ? 

837. What is the reason that hme is not found in its simple state ? 

838. How does limestone differ from pure lime? 

839. What effect will quick lime have up<m the dead bodies of ani- 
mals? 

840. What effect does the air produce on quick lime? 

841. What effect has water on it? 

842. Why will not water have an effect on limestone as well as 
npon quick lime ? 
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bill horn the water, whkh "wae so&dified^ and thtia parted with !ta 
beatof liqaidity. 

Mrs. Bi Very well. If we coatinae to add successive quantities 
of water to the lime, after being slaked and crumbled, as you see 
it will then gradually be diffused in the water, till it will at leogtli 
be dissolyed in it, and entirely disappear i but for this purpose il < 
veqoires no less than 700 times its weight of water. This solution 
is called Gme water.* 

. Cmro^ne. How very small, then, is the proportion of lime dissolve 
ed? 

Mn.B. Barytes is also of very difficult solution ; but it is much 
more soluble in the state of crystals. ^The liquid contained in thie . 
bottle is Ume water ; it is often used as a medicine, chiefly, I belieye, 
for the,t>urpose of combining with, v,and neutralizing the superabun* 
damt acid which it meets with in the stomachi 

JBmiiy. I am surprised that it ^ so perfectly clear ; it does not al 
all partake of the whiteness of Ijie lime. 

, liirs. B. Have you forgotten that, m solutions, the solid body is 
so minutely subdivided by the fluid as to become. invisible, and 
therefore, will not, in the least degree, impair the transparency of 
the solvent ? 

I said that the attraction of lime for carbonic acid was so strong, 
that it would absorb it from the atmosphere. We may see this eSxX 
by exposing a glass of lime water to the air ; the lime will then sep- 
aiala from the water, combine with the carbonic acid, and re-ap- 
pear on the surface in the form of a white film, which is carbooat of 
liioe, commonly called chalk. 

* dtroHne. Chalk is, then, a compound salt ! I never should have 
supposed that those 'immense beds of chalk, that we -see in many 
parts of the country, were a salt. Now. the white film begins to ap- 
pear dn the sur&ce of the water ; but it is far from resembling hard 
solid chalk. 

Mt9^ B. That is owing to its state of extreme division ; in a li^ 
tie time it will collect into a more eompact mass, and subside at the 
bottom of the glass. « 

If you breathe into lime water, the carbonic acid which is miffed 
wiidi the air that you expire, wiU produce the same efi^ct. It is an 
exjpenment very easily made : — ^I ^shall pour some lime water into 
this ^lass tube, and by breathing repeatedly into it, you will soon 
pecoeive a precipitation of chalk. . , 

*To make lime water, take a piece of well burned lime, about 
Ihe jize <^a hen's e^g,put it into an earthen dish, and sprinkle war 
ter on it, till it fiUls mto powder. Then pour on two quarts of boil- 
ing water, and stir it several times, after the lime has settled ; pooi 
OS the dear water and cork it fi»r use.— ^. 



843. Why is heat disenfiraged when water is put upon quick lime ? 
It 844. How much water does it take to diisolve lime P 

845. Is BarytM easily dissolved in water f 
^846l Why does not fime water partake of the wjiiteness of lime ? 

847. For what has lime a very strong attraction ? 

848. Why does a white film ooUect on the suxfroe of lima water ea 
} being exposed to the air ? 

86. Why will lime water t«n white if yoabieathe into it? 



I a«fr shnady a. sntal! wl^ eioai ftraied. 
Mrs'B. It is composed of minute particles of l^haJk; at preseol 
2tfi6iits in the water, but it will soon subside. 

Carboaa^ of lime, or chalk, you see, is insoluble in water, since 
tltt^ time whidi was dissolved, re-appears when converted into chalky 
bitt you must take notioe of a very smg^ular circumstance, which is, 
that <^iBlk is soluble ilk water impregnated with carboQie acid. 

Caroline, It is very curious, indeed', that ca^bonie acid and gas ' 
«iiofild rendei time muble ij^ one instaneey and insoluble in the 
other! ^ 

Mrs, B, i have hiare a bottle of Seltzfer water,, which yo6 knoi^, 
isvstroDgly impregnated with ^carbonic aoid ; let us pour a little of 
it into a ^lass of time water. * You des that it tmaiediately forms H 
pi^piitatioa of carbonat of time ! 
Emily. Yes, a white cloud appears. 

Mrs,B.~l shall now^our^an additional quantity of the Seltzer 
water into the time water. 

Emify. How singular ! The cloud is rerdissolved, and the Uquid 
is: again transparent, 

Mr:ti B. All the mystery depends upon this ciTcvntistanee, that 
carbonat of lime is soluble in carbonic acid, whilst it is insoluble ki' 
water ; the first quantity of carbonic acid, therefoie, which I intro- 
duced iaU> the Imie water, was employed in fomoing the cffirboiat^ 
of time, which remained visible, until an additional quantity of car- 
bonic acid dissolved it. Thus, you see, when- the lime and carbonic 
acid axe in proper proportions to form chalk, the whitd cloud ap-^ 
pears ; but when the axud predominates, the chalk is no sooner form- 
ed- than it is di^-solved. 
I Caraline, That is now the case ; but le( us try whether a furthcar 

addition of lime water will again precipitate the chalk. 
I Emfy, It does, indeed! The cloud re^appears, because, I sttp* 

I pose, there is now no more of the carbonic acid than is necessary 

[ to £onn. chalk; and, in order to dissolve the ehs^fe, a superabun'* 

^ daiioe of acid is requiiied. 

I Mrs. B. We have, I think, carried this experiment hi enough; 

every repetition would but exhibit the same appearance. 

Lune combines with most of the acids, to which theoaibonk; (as 
being the weakest) readily yields it; but these combinations wi9 
■ shaU have an opportunity of noticing more particularly hereafter. 

^ It unices with phosphorus, and with sulphur, m their simple state; 

[ in short, of all the earths, lime is that which nature employs most 

\ fireqatothr, and most abundantly, .in its innnmeEable combmationS* 

\ It-is the oasis of all calcareous earths knd stones ; we fiiid it lik^ 

I wise in the animal and vegetable creations. 

\ Ennbf. And in the arts ki not lime of very great utility ? 

Mrs, B. Scaicely any substaaee more so; you know that it is & 

850." What is the cbeoMcal name of chslk P 
851. Wka^ is the jmrnue t^mttking Uma water f^ 
858. How may cnalk be dissolvea? ' 

853. What will be the result if Seltaer water be povied ikito iwi 
water ? 
jBM. What itf the basis of afitoalcBrek^iis earths and stoneft? 
855. Of what use is lime in the arts ^ 
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most essential requisite in building, as it constitutes the l^asis of aD 
oements, such as mortar, stucco, plaster, &c. 

Lime is also of infinite importance in agriculture ; it lightens and 
warns soils that are too cold and compact, in consequence of too 

Seat a proportion of clay. But it would be endless to enumenrte 
e various purposes for wbioh it is employed ; and you know enough 
of it to form some idea of its importance ; we shall, therefore, now 
proceed to the third alkaline earth, magnesia. 

QtroHne, I am already pretty well acquainted with that earth ; 
it is a medicine. 

Mrs, b. It is in the state of carbonat that magnesia is usually 
employed medicinally ; it then diffe» but little in appearance froia 
its simple form, which is that of a -serj fine light white powder. It 
dissohes in 2000 times its weight of water, but forms with acids 
extremely soluble salts. It has not so great an attraction for acids 
as lime, and consequently yields them to the latter. It is found in 
a great variety of mineral combinations, such as slate, mica, ami- 
anuius; and more particularly in a certain limestone, which has 
been discovered by Mr. Tennant to contain it in very great quai^ 
tities. It does not attract and solidify water, like lime ; but when 
mixed with water and exposed to the atmosphere, it slowly absorbs 
carbonic acid from the latter, and thus loses its caustidty. lis 
chief use in medicine is, like that of Hme, derived from its readi- 
ness to combine with, and neutralize, the acid which it meets with 
in the stomach. 

Emily, Yet, you said that it was taken in the state of oorbonaiy 
u which case, it has already combined with «ji acid ? 

Mrs, B. Yes ; but the carbonic is the last of all the acids in the 
order of affinities ; it will therefore yield the magnesia to any of 
the others. It is, however, frequently taken in its caustic state as 
a remedy for ^situlence. Combined with sulphuric acid, magnesia 
forms another and more powerful medicine commonly called Epsom 
salt. 

Caroline. And properly, stdphat of magnesia, I suppose ? Pray, 
how did it obtain the name of Epsom salt? ' 

Mrs, B, Because there is a spring in the neighborhood of Epson 
which contains this salt in great abundance. 

The last alkaline earth which we have to meatioa is sTBoit- 
TiAir, or 8TBONTITE8, discovcred by Dr. Hope a few years ago« 
It so strongly resembles barytes in its jtroperties, and is so sparingly 
Ibund in nature, and of so little use m the arts, that it will not be 
necessary to enter into any particalaxs respecting it. One of the 
remarkable characteristic properties of strontites is, that its salte, 
when dissolved in spirits of wine, tinge the flame a deep red, ok 
Uood color. 

866. Of what nse is lime in agricaltttie ? 
857. What is the simple form of magnesia ? 
868. Does it attract water ? 

859. What is ito chief use in medicine? 

860. In what state is it used ia medieine ? 

861. What does it form combioed with salphoric acid ? 
9BSL Why is the solphat of magnesia called Epsom salt? 

863. Is strontian of any use ? 

864. Whatisoneof the remarkable Mopertifis of strontites? 

18 
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COjgiYERSATiqif XfU 

ON ACIDS. 

NSrs. B, We mav now proceed to the acids. Of the metalEo 
oxyds, yoa haye already acquired some general notions. Thii 
■abject though highly interesting in its details, is not of sufficient 
importance to our concise view of chemistry, to be particularly 
iareated of; but it is ab^lutely necessary that you shoold be better 
acquainted with the acids, and likewise with their combinations 
with the alkalies, which form' the triple compounds, called fimv* 

TRAI. SALTS. 

This class of acids is characterized by very distinct properties. 
They all change blue vegetable infusions to a red color ; they are 
more or less sour to the taste; and have a general tendency to 
combine with the earths, alkalies and metallic oxyds. 

You have, I believe, a clear idea of the nomenclature by which 
the base (or radical) of the acid, and the various degrees of acidic 
eation, are expressed ? 

Emify, ' Yes, I think so ; the acid is distinguished by the nmne of 
its base, and its degree of oxydation, that is, the quantity of oxygen 
it contains, by the termination of that name in oiu or ic; thus snl^ 
phureous acid, is that formed from the smallest proportion of oxygen 
Qombined with sulphur ; sulphuric acid is that which results m>ni 
the combination of sulphur with the greatest quantity of oxygen. 

A^s, B. A still greater latitude may, in many cases, be aBowed 
to the proportions of oxygen that caii be combined with acidifiahle 
radicals ; for several of these radicals are susceptible of uniting with 
a quantity of oxygen so small as to be insufficient to give them the 
properties of acids ; in these cases, therefore, they ar& converted 
into oxyds. Such is sulphur, which, by exposure to thie atmos- 
phere with a degree of heat inadequate to produce inflammation, 
absorbs a small proportion of oxygen, which colors it red or brown. 
This, therefore, may be oonsidered as the first degree of oxygena- 
tion of sulphur ; the 2d converts it into sulphureouj acid ; the 3d 
into the sulphuric acid ; and 4thly, if it was found capaUe of com- 
bining with a stOt larger proportion of oxy^n, it would then ba 
termed super-oaygenaied sulphuric add. 

Emih, Are these variotts degrees of oxygenation conunon to aB 
ttie acids ? 

Mrs, B. No ; they vary much in this respeet ; some are suseep* 
tible of only one degree of oxygenation; others of two or three; 
tibere ax& bui vef^ few thai wA aidimt ef mofe. 

665. What is an acid? 

866. How are acids distinguished P 

867. What is meant by the radical of an amd ? 

868. What substaoce unites to the radical to fbnn an acid ' 

869. How does the language of chemistry distiogoish the stroager 
from the weaker acid ? 

870. What term is used to denoto the first degree of oxvgenslMa ? 

871. When a radical unites with another prepoftioa of -oxygen aAsr 
tlial denoted by ie, what term is used ? 

89St. AiaaBaaldisaaeapliUaar ttoaamadtiiiaearaic/gaBatiMi^ 



ObtoUm. The modem nomend&tiire must be of unnienee adTaii' 
tSLge in pointing out bo easily the mature of the acids, and their 
various degrees of oxygenation. 

Afr5. B, Till lately many of the acids had not been decomposed; 
bat analogy afforded so strong a proof of their coinpound nature, 
that I could never reconcile myself to classing them with the simfrfe 
bodies, though this division Has been adopted by several chemical 
writers. At present the muriatic and the fluoric are the only acids 
which have not had their ba^es distinctly separated. 

Oaroline. We have heard of a great variety of acids ; pray how 
aMoy &3^e there in all ? ^ 

Mrs. B, I believe there are reckoned at present thirty-four, and 
their number is constantly increasing as the science improves ; bm 
the most important, and those to which we shall almost entirely 
oDnfine our attention, are but few. I shall, however, give you a 
geoera] view of the whole ; and then we shall more particularly 
examine those that are the most essential. 

This class of bodies was formerly divided into mineral, veffetable 
and animal adds, according to the substances from which thej 
were commonly obtained. 

Caroline, That, I should think, must have been an excellent ft*' 
xangement ; why was it altered ? 

Mrs, B. Because, in many cases it produced conTusion. In which 
class, for instance, would you place carbonic acid ? 

Caroline, Now I perceive the difficulty. I should be at a kea 

where to place it, as you have told us that ft exists in the animal^ 

vegetable, and mineral kingdoms. 

I JimUy, There would be the same objection with respect to 

phosphoiic, which, though obtained chiefly from bones, can also, 

' you said, be found in quantities in stones, and likewise in some 

i- plants. 

[ Mrs. B. You see, therefore, the propriety of changing this mode 

^ of classification. These objections do not exist in the present no- 

menclature ; for the composition and nature of each individual acid 
is in some degree pointed out, instead of the class of bodies from 
which it is extracted ; and, with regard to the more general divi- 
» aion of acids, they are classed under these three heads : 

k First, Acids of known or supposed simple bases, which are 

' formed by the union of these bases with oxygen. They are the 

following : 

» ■ I «i I ■ I I II II 

873. How many acids are there ? ; 

874. How were acids formerly divided? 

875. What objection was there to this division ? 

876. Under how many general heads or divisions are acids at pi^aent 
placed ? 

877. What kind of acids make the first class ? 
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►Acids of knowB and simple bases. 



The Stdpkurie 

Carbonic 

Httfic 

Phoiphorie 

Arsenical 

TSmgst^mc 

Motybdenic 

Boradc 

Muoric 

Murkttie 
This class comprehends the most ftnciently known and most 
portant acids. The sulphuric, nitric, and muriatic, were formerly, 
and are still frequently ^led mineral acids, 

Sdly. Acids that have double or binary radicals, and which eoih 

•eqnently consist of triple combinations. These are* the TegetaUe 

icids, whose- common radical n a compound of hydrogen and carbon. 

Caroline. But if the basis of all the regetable acids be the same 

it should form but one acid ; it may indeed combine with different 

proportions of oxygen, but the nature of the acid must be the same. 

Mrs. B. The only difference that exists in the bases of regetable 

acids, is the yarious proportions c^ hydrogen and carbon from 

which they are severally composed. But this is enough to produce 

ft number of acids apparently very dissimilar. That they do not 

however differ essentially, is proved by their susceptibility of bdng 

converted into each ^ther, by the addition or subtraction of a por^ 

tioa of hydrogeft or carben. The names of these aenl'a are, 

The Acetic 

OboUc 

Tartarous 

atric 

Malic 

GulUc 

Mucotes 

Benzoic 

Succinic 

Camphortc 

Suberic 

The 3d class of acids consists of those which have triple radically 
and are therefore of a still more compound nature. This dass 
comprehends the animal acids, which are. 
The LacHc 

Prussic 

Formic 

Botnbic ^ Acids of tripfe basesy or animal adda. 

Sebacic 

Zoonic 

Lithic 



y Acids of denble bases, being of Tegetable origin. 



878. What are their names? 

879. What ones of this clsfls are called mintral addst 
88Q. What ones make the second division ? 

881. What is the common radical of vegetable acids? 
883. What is the diflfefence in the bases of veffetable 

883. What are tlie names of the ve^table acids ? 

884. What ones make the third division of acids? 

885. Name the acids with triple radicals. 



AGID8* 

I have giren you this samtoary aoconnt or eDimientioii of thi 
acidsy as you may find it more satisfactory to have at once an ooV 
line or a general notion of the extent of the subject : but we shall 
now confine ourselves to the first class, which requires our more 
immediate attention ; and defer the few remarks which we shall 
have to make on the others, till we treat of the chemistry of the 
animal and vegetable kingdoms. 

The acids of simple and known radicals are in most instances 
4Siq>able of being decomposed l^y combustible bodies, to which they 
yield tiieir oxygen, if, for instance, I pour a drop of sulphurio 
acid on this piece of iron, it will produce a spot of rust ; you know 
what it is ? \ 

Oaroline, Yes ; it is an oxyd, formed by the oxygen of the acid 
combining with the iron. 

Mrs, B. In this case you see the sulphur deposits the oxygen by 
which it was acidified on the metal? And again, if we pour soms 
aetd on a compound combustible substance, (we shall try it on this 
pieee of wood) it will combine with one or more of the constituents 
of that substance, and occasion a decomposition. 

EmUy, It has changed the color of the wood to black. How 
is that? 

JM^s. B. The oxygen deposited by the acid has burnt it ; tou 
Idiow that wood in burning becomes black before it is reducea to 
ashes. Whether it derives the oxygen which burns it from the 
atmosphere, or^ from any other source, the chemical effect on tha 
wood is the same. In the case of re£d combustion, wood becmnes 
black, because it is reduced to the state of charcoal by the evapora- 
don of its other constituents. But can you tell me the reason why 
wood turns black when burnt by the application of an acid ? 

Caroline, First tell me what are the mgredients of wood ? 

Mrs, B. Hydrogen and carbon are the chief constituents of wood, 
as of all other vegetable substances. 

Caroline. Well, then, I suppose that the oxygen of the acid 
combines with the hydrogen of the wood, to form water ; and thai 
the carbon of the wood, remaining alone, appears of its usual black 
color. 

Mrs, B. Very well indeed, my dear ; that is certainly the most 
plausible explanation. 

Emity, Would not this be a good method of making charcoal ? 

Mrs, B, It would be an extremely expensive, and 1 believe very 
imperfect method ; for the action of the acid on the wood, and tl^ 
heat produced by it, are far from sufficient to deprive the wood of 
all its evaporable parts. 

Caroline, What is the reason that vinegar, lemon » and the add 
of fruits, do not produce this efiect 'on the wood ? 

Mrs, B. They are vegetable acids whose bases are composed of 

886. How can acids of simple radicals be decomposed .' 

887. If a drop of sulphuric acid falls on a piece of iron, why does H 
produce rust? 

888. llVhy does acid turn wood black * 

' 889. Why does wood become black in real combustion ? 

890. What are the chief constituents of wood ? 

891. Why does not vinegar, lemon, and the other tegetaUe aoldfe 
produce the same efifeot on wood ? 

18 • 
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liydiogeii sod fiubon ; the oxygen, therefete, wiH imH be d ft i po t od 

to quit this radieal, where it ie aliWy united with hydrogen. Thfi 
■trongeet of these may, perhaps, jrield a little of their oxygen 
the wood, and prodace a stain upon it, but the carbon will not he 
sufficiently uncovered to assume its black color. Indeed, the sew 
oral mineral acids themsehes possess this power of charring wood 
in Tcr^ different degrees. 

Enify, Cannot vegetable acids be decomposed, by any e«nbn»- 
tlbles? 

Mrs, B. No : because theb radical is composed of tiro OHb- 
stances which have a greater attraction for oxygen than say knojm 
bedy. 

Ctar^T^e. And aare'those stronr acids, which bam and decompose 
wood, capable of im>ducing similar effects on the skin and flesh el 
aalmals? 

Mrs, B. Yes; all the mineral acida, and one of them more espe*^ 
cially, possess powerful caustic qualities. They actually corrode 
end destroy the skin and flesh ; but they do not produce upon these 
exactly the same alteration they do on wood, probably becanse 
there is a great proportion of nitrogen and other substanoes in 
animal matter, which prevents the separation of carbon from ~ 
eo conspicuous. 



CONVERSATION XTH. 

OF THs aui.PHraic and phosphoric acios; or the combina* 
viONs of oxtgen'with sulphur and phosphorus; ahd of 

THE 8ULPHATS AND PHOSPHATS. 

Mr$. B, In addition to the ^neral survey which we have takes 
of acids, I think you will find it interesting to examine individually, 
ft few of the most important of them, and likewise some of their 
principal combinations with the alkalies, alkaline earths, and met- 
als. The first of these adds, in |)oint of importance, is the sul- 
FHPRxc, £3nnerly called oil of vitriol, 

Caroline, I have known it a long time by that name, but had no 
idea that it was the same fluid as salphuric acid. What resen^lanoe 
or connection can there be between oil of vitriol and this acid ? 

Mrs, B, Vitriol is the common name for sulphat of iron, a salt 
which is formed by the combination of sulphuric acid and iron : the 
Salphuric acid was formerly obtained by distillation from this salt, 
ana it very naturally received its name from the sttbstanee which 
aflSirded it. 

892. Why cannot vegetable acids be decompoBed by combustibles ? 

893. Do the mineral acids have the same emc\ on the skin and flesh 
cf animals as on wood ? 

894. If tbe^ do not what is the reason ? 
What is the proper chemical name 01* oil of vitriol ? 
Why was it called oil of vitriol? 



OinkM, BntHisatillusattttycsdMoflof ▼itrid? 

Mrs. B. Tes ; a sufficient length of time has not yet elapsed^ 
the invention of the new nomenclature, for it to be generally 
4i«erainated ; but as it is adopted by all scientifie chemidts, there 
is every reason to suppose that it will gredually become universal. 
When I received this bottle from the chemists, oU of vitriol was 
inscribed on the label ; but aa I knew you were very ponctillious in 
regard to the nomenclature , changed it and substituted the words 

ykuric acid. 

Tins acid has neither color nor smell, but it appear* 
mnA thicker than water. 

Mrs. B. It is nearly twice as heavy as water, and has, yon see^ 
an oily consistence. 

dtrokne* And it is probably from this circumstance that it has 
he€« called an oil ; for it can have no real claim to that name, as it 
does not contain either hydrogen or carbon, which are the essential 
eoDstitaents of oil. 

M's. B. Certainly, and therefore it would be the more absurd to 
xetain a name which owed its origin to such a mistaken analogy. 

Solpharic acid, in its purest state would probably be a concrete 
^betance, but its attraction for water is such, that it is impossible 
to obtain that acid perfectly free from it ; it is therefore, always 
aeen in a liquid form, such as you here find it. One of the most 
striking properties of sulphuric acid is that of evolving a consider- 
aUe quantity of heat when mixed with water ; Uiis I have already 
shown you. 

Ermfy, Yes, I recollect it; but what was the degree of heat pro- 
duced by that mixture ? 

Mrs, B, The thermometer may be raised by it 300 degrees, 
which is considerably above the temperature of boiling water. 

Caroline, Then the water may be made to boil in that mixture ? 

Mrs, B. Nothing more easy, provided that you employ sufficient 
quantities of acid and of water, and in the due proportions. The 
greatest heat is produced by a mixture of one part of water to four 
of the acid ; we shall make a mixture of these proportions, aad 
immerse in it this thin glass tube, which is full of water. 

Carohne, The vessel feels extremely hot, but the water does not 
boil yet. 

Airs, B, You must allow some time for the heat to penetrate the 
tube, and raise the temperature of the water to the boiling point — 

Caroline, Now it boOs, and with increasing violence. 

Mrs, B, But it will not continue boiling long ; for the mixtuie 
gives out heat only while the particles of the water and the acid axe 

mutually penetrating each other ; as soon as the new arrangement 

■ . . — — ^— — — ^^»^— 

897. What is the color and smell of this acid ? 

896. Wfaatisiy weiffht? 

^99. What would sulphuric acid be in its purest state ? 

900. What u the consequence of mixing it with water ? 

§01. What is one of its most strikisff properties ? 

90S. How high may a thermometer be nused by it f 

. 903. In what proportions must sulphuric acid and water be mixed la 
•tder to produce the gieatest degree of heat ? 

904. Why does the suztose of sulphuric add and water gm out 
heal only wt so short a tiass? 
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of these particles is eflfected, the mixtare will gndnanj eod, ud 
the water return to its former temperature. 

You have seeu the manner in which sulphuric acid deooniposes 
an combustible substances, whether animal, vegetable, or mineial. 
and bums them by means of its oxygen ? 

Caroline. I have very unintention^ly repeated the experiment on 
my gown, by letting a droi> of the acid fall upon it, and it has made 
a stain, which I suppose will never wash out. 

Mrs. B. No, certainly ; for before you can put it into water, the 
spot will become a hole, as the acid has literally burnt the maslin. 

Caroline. So it has, indeed ! Well, I will fasten the stopper, 
and put the bottle away, for it is a dangerous substance. Oh, now 
I have done worse still, for I have spilt some on my hand ! 

Mrs. B. It is then burned, as well as your gown, for you know 
thai oxygen destroys animal as well as vegetable matter ; and as 
far as the decomposition of the skin of your finger is efiected, there 
is no remedy ; but by washing it immediately in water, you will 
dilute the acid, and prevent any further injury. 

Caroline. It feels extremely hot, 1 assure you. 

Mrs. B. You have now learned, by experience, how cautionslv 
this acid must be used. You will soon oecome acquainted with 
another add, the nitric, which, though it produces less heat on the 
skin, destroys it still quicker, and makes upon it an indelible stain. 
You should never handle any substance of this kind without pre- 
viously dipping your fingers mto water, which will weaken their 
caustic effect. Blut, since you will not repeat the experiment, I 
must put in the stopper, for the acid attracts the moisttire from the 
atmosphere, which would destroy its strength and purity. 

Bmnhf. Pray, how can sulphuric acid be extracted from sulphat 
df iron by distillation ? 

Mrs. 6. The process of distillation, you know consists in sepa* 
rating substances from one another, by means of their different 
degrees of volatility, and by the introduction of a new chemical 
agent, caloric. Thus, if sulphat of iron be exposed in a refort to a 
proper deoree of heat, it will be decomposed, and the sulphuric acid 
will be vdatiJized. 

Emily, But now that the process for forminff acids, by (he com- 
bastion of their radicals is known, \fhj sboula not this method be 
used for making sulphuric acid ? 

Mrs. B. This is actually done in most manufactures ; but the 
psual method of preparing sulphuric acid does not consist in banK 
hig the sulphur m oxygen gas (as we formerly did by way of 
experiment,) but in heating it together with another substance, 
nitre, which yields oxygen in sufficient abundance to render the 
combustion in common air rapid and complete. 

Caroline. This substance, then, answers the same purpose as 
oxygen gas ? 

Mrs. B, Exactly. In manu^tures, the combustion is performed 
la a leaden chamber,, with water at the bottom, to receive the vapor 
and assist its condensation. The combustion is, however, never 
BO perfect but that a quantity of sulphureous acid is formed at the 

905. How does sulphuric acid compare with nitric acid ? 

906. In what consists the process of Hiftillitiffin i 

907. How if sulphuric acid obtained f 
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time ; for, if yon recollect t&at the sdphmeoiu add, aeooid- 
ing to the chemical noi^enclature, difl^rs from the salphuiic only 
by containing less oxygen. 

From its own powerful properties, and from the Tarious combi- 
nations into which it enters, solphuhc acid is of great importance 
in many of the arts. ' 

it is used also in medicine in a state of great dilution ; for were 
it taken internally, in a concentrated state, it would prove a most 
dangerous poison. 

Otroline, I am sure it would bum the throat and stomach. 

Mrs, B. Can you think of any thing that would prore an anti* 
dote to this poison ? 

QtroltTie, A large draught of water to dilute it. * 

Mrs, B, That would certainly weaken the caustic power of the 
acid, but it would increase the heat to an intolerable degree. Do 
you recollect nothing that would destroy its deleterious properties 
more effectually ? 

Emih/. An alkali might, by combining with it ; but ^ten a pure 
alkali is itself a poison, dh account of its causticity. 

Mrs. B. There is no necessity that the alkali should be caustic. 
Soap, in which it is combined with oil ; or magnesia, either in the 
state of carbonat, or mixed with water, wouM proye the best 
antidote. 

BmHy, In those cases then, I suppose, the potash and the maff- 
aesia would quit their combinations to form salts with the sulphuiro 
acid? ^ 

Mrs, B, R-eciseiy. 

We may now make a few observations on the sulphureous acid, 
which we have found to be the product^ of sulphur slowly and im- 
perfectly burnt. This acid is distinguished by its pungent smelly 
and its gaseous form. 

Caroline, Its eriform state is, I suppose, owing to the smaller 
proportion of oxygen, which renders it lighter than sulphuric acid I 

Mrs. B, Probably; for by adding oxygen to the weaker acid, 
it may be converted into the stronger kind. But this change of 
state may also be connected with a change of affinity with zegard 
to calorie. 

Emily, And may sulphureous acid be obtained from sulphuzio 
add by a diminution of oxygen ? 

Mrs. B, Yes ; it can be done by bringing any combustible sub- 
stance in contact with the acid. This decomposition is must easily 
performed by some of the acids; these absorb a portion of the 
oxygen from the sulphuric add, which is thus converted into the 
sulphureous, and flies off in its gaseous fonn. 

Caroline. And cannot the sulphureous acid itself be decomposed 
and reduced to sulphur ? 

Mrs, B. Yes ; if this gas be heated in contact with charcoal, the 
oxygen of the gas will combine with it, and the pure sulphur will 
be regenerated. 

QO61. How does snlphareous acid differ from sulphuric ? 

909. What would prove the best remedy to a person who had swal- 
lowed sulphuric acid f 

910. How may sulphoi^us acid be obtained? 

911. How can the sulphuric acid be changed to the saTphareons? 

912. How can sulphareons acid be reduced to sulnhur ? 
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SvlphureoiiB add ia readily absorbed br wuter ; and ui '^ku livdi 
iftate It ia found particularly useful in bteaching linen and wooDBn 
cloths, and is much used in manufactures for those purposes. J 
«aa show yon its effects in destroying colors, by taking out ?effe ta- 
ble ataina — ^I think I see a spot on your gown, Emily, on which we ' 
may try the experiment. 

Emihf, It is the stain of mulberries : but I shall be almost afraid 
of expoaiog my ^own to the experiment, after seeing the efiect 
which the sulphuric acid produced on that of Caroline — 

Mrs, B, There is no such danger from the sulphureous ; but the 
experiment must be made with ^reat caution, for during the forma 
tion of sulphureous acid by comoustion, there is always some ault- 
phuric produced. 

CaroUne, But where is your sulphureous acid ? 
. Mrs, B, We may easily prepaid some ourselyes, simply by burn- 
ing a match ; we must first wet the stain with water, and now bold 
it m this way, at a distance over the lighted tiiatch ; the vapor that 
aiises from it is sulphureous acid, and the stain, you see, gradually 
disappears. 

Emily. 1 have frequently taken out stains by this means, without 
understanding the nature of the process. But why is it necessary 
to wet the stain before it is exposed to the acid fumes ? 

Mrs. B, The moisture attracts and absorbs the sulphureous acid ; 
and it serves likewise to dilute any panicles of sulphuric acid which 
might injure the linen. 

Sulphur appears to be susceptible of a third combination of oxy- 
gen in which the proportion of the latter is too small to render the 
sulphur acid. It acquires this slight oxygenation by mere exposure 
to the atmosphere, without any application of heat ; in this case 
the sulphur does not change its natural form, but is only discolored, 
being changed to red or brown, a atate in which it may be consid- 
ered an oxyd of sulphur. 

Bcfure we take leave of the sulphuric acid, we shall say a few 
words of its principal combinations. It unites with all the alkalies, 
alkaline earths and metals, to form compound salts. 

Caro&ne. Pray, give me leave to interrupt you for a moment : 
you have never mentioned any other salts tnan the compound or 
neutral salts ; is there no other kind ? 

Mrs, B. The term salt has been used, from time immemorial, as 
a kind of general name for any substance that has savor, odor, 
is soluble in water, and crystalUzable, whether it be of an acid, an 
alkaline or compound nature ; but the compound salts alone retain 
that appellation in modem chemistry. 

The most important of the salts formed by the combination of the 
sulphuric acid, are, first, sutphat of potash, formerly called sal poly' 
chrest : this is a very bitter salt, much used in medicine ; it is found 
in the ashes of most vegetables, but it may be prepared artificiallj 
by the immediate oombmation of aulphuric acid and potaah. This 

913. What important use Is made of this acid .' 

914. What 18 the easiest process fbr making this acid f 

915. How would you describe a third combination of selphur with 
oxygen? 

916. With what does sulphuric acid unite .' 

917. What is the meaning of the term salt? 
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mik In easily solnbte in boilioff water. Soktnlity is^ Mee^^ % yn^ 
4itf eaaoBOon to all salts ; and they always produee cold in memntf 4 
- jbnify. That must be owing tp the ealono wkkb they abssfb u 
pliBsiiig from a solid to a fluid form. 

Mrs, B» That is, certainly, the most probable explanation* 

Sulphat of Soda^ commonly called Glauber's salt, is another mfh 
dieinal salt, which is still more Utter than the preceding. We must 
prepare some of these compounds, that you may observe the ph#. 
Domena which take place during their formation. We need only 
pour some sulphuric acid over the soda' which I have put into this 
glass. 

Caroline, What an amazing heat is disengaged ! — ^I thought f0m 
said that cold was produced by the melting of sahs ? 

Mrs. B, But you must observe that we are now making, not ffid^ 
ing a salt. Heat is disengaged during the formation of compound 
flaJts, and a faint light is adsd emitted, which may sometimes be per 
<3eived in the dark. 

Ermty, And is this heat and light produced by the union of the 
dMosite electricities of the alkali and the acid ? 

Mrs, B, No doubt it is, if that theory be true. 

Caroline^ Tlie union x>f an acid and a& alkali is then an iu^al 
oambustion ? 

Mrs, B, Not precisely, though there is eertainly much anaiogj 
in these processes. 

Caroline, Will this sulphat of soda become solid ? 

Mrs, B, We have not, I suppose, mixed the acid and the alkali 
In the exact proportions which are required for the fonnation of 
the salt, otherwise the mixture would have been almost immediate- 
ly changed to a solid mass ; but in order to obtain it In crystals, as 
you see it in this bottle, it would be necessary^rst to dihite it witb 
water, and afterwards to evaporate the water, duhng which eperfr* 
tion the salt would gradually crystallize. 

Caroline, But of what use is the addition of water, if it is 
wards to be evaporated ? 

Mrs, B, When suspended in water, the acid and the alkali 
more at liberty to act on each other, their union is more eomplels,, 
and the salt assnmes the regular form of crystals during the slow 
evaporation of its solvent. 

Suljphat of soda liquefies by heat and effloresces in the air. 

JBmtfy, Pray what is the meaning of the word effloresces^ I do 
not recollect your having mentioned it befbie. 

Mrs, B, A salt is said to effloresce when it loses its water of (»y»* 
taUization on being exposed to the atmosphere, and is thus graddal* 
ly converted into a dry powder : you may observe that these cry»i 
Ms <^ sulphat of soda are far from possessing the transparaney 
Which belongs to their crystalline state; they axe covered willi % 
white powder, occasioned by their having been exposed to the at- 
mosphere, wh;ch has depriyed their surface of its lustre, hy abwib- 
ing Its water of crystaUization. Salts are, in general, eimer effhr* 
escent or deliquescent ; this latter property is precisely the reverse of 

■ ■II ■ III — i^j.^.a^Mafc 

918. Why do the salts produce cold in meltiDg ? 

919. By what name is the sulphat of soda called f 
9SiO. How can sulphat of soda be formed ? 

921. What is the signification of the word efidorssoet ? 



the foimer ; that ib to say, deliqueaoent salts absoib water from Uie 
atmosphere, and are moistened and gradually melted by it. Muilal 
ef lime is an instanee of great deliquescence. 

Enuiy, But are there no salts that have the same degree of at- 
traction for water as the atmosphere, and that will consequently not 
beaflfocted by it? 

Mrs, B. Yes : there are many such salts, as, for instance, coi»- 
mon salt, solphat of magneaa, and a variety of others. 
- Sulphat oflime'iB yery frequently met with in nature, and eonstir 
tates the well known substance called gypsum or plaster of parts, 

SuiphtU ofmagnma^ commonly called J^^om adU is another very 
bitter medicine, which is obtained from sea-water and from several 
springs, or may be prepared by the direct combination of its ingre- 
dients. 

We have formerly mentioned suiphat of ahmiine as constituting 
the common aivm; it is found in nature chiefly in the neighborhood 
of volcanoes, and is particularly useful in the arts, from its strong 
astringent quaHties. It is chiefly employed by dyers and calico- 
printers, to fa. colors ; and is used also in the manufacture of some 
kinds of leather. 

Sulphuric acid combines also with the metals. 

Caroline, One of these combinations, sulphat of iron^ we are al- 
leady well acquainted with. 

Mrs, B, This is the most important metallic salt formed by sul- 
phuric acid, and the only one which we shall here notice. It is of 
great use in the arts ; and in medicine it afibrds a very valuable 
tonic ; it is of this salt that most of those preparations called sted 
medicines are composed. 

Caroline, But does any carbon enter into these compositions to 
form steel ? 

Mrs. B, Not an atom ; they are, therefore, very improperly call- 
ed steel ; but it is the vulvar appellation, and medical men them- 
selves often comply with the general custom. 

Sulphat of iron may be prepared, as you have seen, by dissolving 
iron in sulphuric add : but is generally obtained from the natural 
production called Pyrites, which bein? a sulphuret of iron, requires 
only exposure to the atmosphere to be oxydated, in order to form 
the salt ; this, therefore, is much the most easy way of procuring 
it on a large scale. 

Emibf. I am surprised to find that both acids and compound salts 
are generally obtained from their various combinations, rather than 
from the immediate union of their ingredients. 

Mrs, B, Were the simple bodies uways at hand, their combmsr 
tions would naturally be the most convenient method of forminjg 
compounds : but you must consider that, in most instances, there is 
great difficulty and expense in obtainmg the simple ingredient firom 

922. What is the signification of the word deliquescent ? 

923. What substance is firequentiy found ia nature, the 
sulphat of lime ? 

924. From what is sulphat of magnesia obtained f 

925. Where is the sulphat of alumine chiefly found i 
996. For what purpose is it used 1 
937. From what is the sulphat of iron obtamed? 
996. How is sulphat of iron manufactured in the large way ? 



^heir ooubiiiatioiui ; it is^tfaerefofe, often more expedient to raoeore 
,«ompoand8 'from the deoompoeition of other oomponnds. ant, to 
letiim to the snlohat of iron. There is a certain Tegetable acid call- 
ed galHc addj wnich has the remarkable property of pieo^fMtatii^ 
this salt blade — ^I shall pour a few drops of the gaUio add into this 
solution of solphat of iron — 
* Caroline, It is become as black as ink ! 

Mrs, B, And it is ink in reality. Common writing ink is a pre- 
cipitate of solphat of iron by gallic acid ; the black color is owing 
to the formation of fi^at oif iron, which being' insoluble, remains 
sosDcnded in the fluid. 

This add has also the propierty of altering the color of iron in its 
-metallic state. You may frequently eee its efl^et on the blade of a 
knife, that has been used to cut certain kinds of fruits. 

CearoUne, True; and that is, perhaps, the reason that u sOver 
fauie is preferred to cut frruts; the gallic acid, I suppose, does not 
act upon silver. -^Is this acid^ found in all fruits ? 

Mrs, B, It is contained, more or less, in the rind of most fruits 
and roots, especially the radish, which, if scraped with a steel or iron 
'knife, has its deep red color changed into a cteep purple, the \aaSt 
■being at the same time biacken^. But the vegetable substance 
in which the galtic acid most abounds, is nutgdi, a* kind of ex- 
crescence that grows on oaks, and from which tlra add is commonly 
.obtained for its various purposes. 

Mrs, B, We now come to the phosphoric and PKosPHORtrs 
ACIDS. In treating of phosphorus, you have seen how these acids 
'.ttay be obtained from it oy combustion. 

Emify, Yes ; but I should be mudi surprised if it was the usual 
method of obtaining them, since it is so very difficult to.procors 
.phosphorus in its pure state. 

A^s, B, You are right, my dear ; the phosphoric add, for gene- 
-Al purposes, is extracted from bones, in which it is contained in the 
state of phosphat of lime ; from this salt the phosphoric add is sepa* 
rated by means of the sulphuric, which combines with the lime. 
In its ^ure state, phosphoric add is either Uqiiid or seUd, according 
to its degree of concentration. 

Among the salts formed by this add, phosphat of lime is the only 
one that a^brds much interest ; and this, we have always observed, 
'constitutes the basis of all bones. It is also found in very* small 
quantities in some vegetables. 

939. How may the solphat of iron be turned black ? 

930. Why is the knife tamed black in cutting fruit ? 

931. In what vegetable substance does gallic add mostly abound? 
< 932. Where is iSs phosphat of lime found ? 

•19 
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CONTERSATION XTIH. 

or THE NITRIC AND CA&BONIC ACIDS ; OK TBS COMBINATIOfTS 
OF OXTOEN WITH I^TROOEN AffD CARBON; AND OF TQS 
NTTRiJ'S AND CARBONATS. 

Mrs, B. I am almost afraid of introducmg the soMeet of the in- 
TRic, ACID, as I am sure that I shall be Jbkmied by Caroline for not 
having made her acquainted with it before. 

Caroline, Why so, Mrs. B. ? • 

Mi^s, B, Because yon have long known its radical^ which is ni- 
trogen, or azote; and in treating of tlmt element, I did iiot enki 
bint that it was the basb of an acid, 

Caroline, And what conld be your reaton for riot BG^tioning this 
acid sooner ? -i 

Mrs, B, I dh not know whmher you wi31 think th6 reason suffi- 
ciently good to ae^mt me ; Jbat the omission, I assmreTou, did not 
proceed frotfn negligence. You may leeollect that -nitxogen was one 
of the first simpfe bodies which we examined ; you wore then igno- 
rant of the^heory of combustion, which I- believe wte, for the first 
time, mentioned m that lesson ; and therefore it would have been 
in vain, at any time, to have attempted to explain the nature and 
formation of adds. 

Caroline, I wonder, however, that it never occurred to us to in- 
quire whether nitrogen could be acidified ; for, as we know it was 
classed among the combustible bodies, it was natural to suppose 
that it might produce an acid. 

Mrs. B, That is not a necessary consequence ; lor it might com- 
bine with oxygen only in the degree requisite to form an oxyd. 
But you will find that nitrogen is sui^ceptible of various degrees of 
oxygenation, some of which convert it merely 'into an oxyd, and 
others give it all the acid prbpertieiB. 

The acids, resulting from the^ ccMnbinatiop of- oxygen and nitro- 
gen, are called the nitrotts and nitric acids, WewiB begin with 
3ie nitric, in which nitrogen is in the highest state of 'otsygedation. 
This acid has so powerful an attraction for water that tt has nev^ 
peen obtained perfectly free from it. But water may be so stronffly 
impregnated with it as to form an exceedingly powerful acid smu- 
tion. Here is a bottle of this acid, which you see is quite limpid. 

Caroline, What a strong offensive smell it has ! 

Mrs. B, This acid contains a greater abundance of oxygen than 
any other; but it retain^ it with very little force, 

EmUy. Then it must be a powerful caustic, both from the facility 
with which it parts with its oxygmi, and the quantity which it aflbrds. 

d33. What is the radical of nitric acid ? 

934. What acids are formed by the combination 6[ nitrogen and 
ozveen? 



\. How does nitric acid naturally exist ? 
936. How does this compare with other acids as to the qoantity of 
ozyffen contained in it ? 

^ To what is the great causticity of nitric acid owing.' 
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^s. B. Very well^ Emily; -both causes and ef^ts are eataetly 
such as you describe; nitric' add boms and destroys all kmds of 
organized matter. It even sets fire to some of the most combustible 
suDstances. We shall pour a little of it over this piece of dry 
warm charcoal *^^you see* it infiames it immediately ; it would do 
the same with oil of turpentine, phosphorus, and several other very 
combustible bodies: This shows yotf how easily this acid is decom*- 
posed by combustible bodies, since these effects must depend upon 
the abscHTptioil of iis oxygen. 

Nitric acid has been tised in the arts from time immemorial ; but 
it is 6nly within these twenty-five years, that its chemical nature has 
beea ascertained. The celebvatad Mr. CaYendish discovered that 
it consisted of about 10 parts of nitrogenand 25 of oxygen.f These 
|«incii>les, in their gaseous state, combine at a high temperature ; 
and this ma}r be effected by repeatedly passing the electncal spark 
through a mixture of the two gases. 

Ermly, The nitrogen and oxygen gases, of which the atmosphere 
is composed, do not combine, Isuppose, because their temperature 
Is nodr sufilciently elevateds 

Carolme, But in a Uiunder storm, when the lightning repeatedly 
passes through them, may it not produce nitric acid .' We should h& 
u a strange situatioii, if a violent st<Nrm should at ono« convert the 
sitmoephere into nitiic acid. 

MrM, B. There is no danger of it, my dear ; the lightning can af- 
fect but a very small poition of the atmosphere, and though it were 
jsccaaionally to produce a little nitric add, it never could happen to 
such an extent as to be perceivable; 

Emihf. But how could the nitric acid be known, and used, before 
tfie method of combining its constituent was discovered ? 

Mrs. B, Previous to that period, the nitric add was obtained, 
and it is indeed still extracted, lor the common purposes of art, 
firom the compound salt which it fimns with the potasn, commonly 
called nitre. 

Caroline, Why is it so called? Pray, Mrs. B., let these old un- 
meamng names l>e entirely given up, by us at least ; and let us call 
this salt nxMxt of potash, 

* To in^me charcoal, a stsonger add than that sold at the shops 
is necessary » The experiment with oil, turpentine, and phospho- 
rus, succeeds, if about a sixth part of sulph. add is added to the 
nitric acid. The experiment with the turpentine requires caution. 
The phial containing the acid must be tied to a stick, a yard or two 
kmg, ihe operator pouring it into a small quantity of the turpentine 
standing at a distance.-— C. 

f The jproportion stated by Sir H. Davy> in his Chemical Re- 
searches, is as 1 to 2,389. 
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938. What is the reason why nitric acid inflames charcoal, oil of tur- 
pentine, dse. ? 

939. What are the proportions of oxygen and nitrogen in nitric 
add? 

940. What is the reason that the oxygen and nitrogen of which the 
atmosf^re is composed, do not combine and form nitnc acid ? 

Ml. Why does not lightning produce tfab elevalion of temperatore ? 
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Mrs. B. With all nry heart ; but it ia necesnury that Islioiild, aT' 
lea^t, mentioa the old Barnes, and mote especiairy those which are 
3ret in omomon use; o^rwise, when i you o^eet with thw, you 
would not be able to understand their meaning. 

Emihfi* And how is the acid obtained from this salt > 

A&9. B^ By the intervention of sulphuric add,. which combines 
with the potash, and sets die nitnc acid at liberty. This I can 
easfly show you, by mixing some nitrat of potash and sulphuric acid 
in this retort, and heating it over a lamp ; the nitric acid wiU come 
over in the form of Taper, which we stuul collect in a ^ass bell. 
This acid diluted in water, is conunonly called aqm forUSy if Car* 
oline will allow me to mention that name* 

Caroline, I have often heard that aqua fortis will dissolve ahnost^ 
ail metals ; it is no doubt because it yields its oxygen so easily. 

Mrs, B. Yes ; and from this powerful solvent property, it deiiv* 
ed the name of aqua fortis, or strong water. Do you not recollect, 
that we oxydated, and afterwards dissolved, some copper in this 
add? 

Enufy. If I remember right, the nitrat of copper was &e first jnr 
stance yon gave us of a compound, salt ? 

CaroUne. Can the nitric acid be completely decomposed and.cQa- 
verted into nikvogen and oa^gen ? 

EmUf, That cannot be the case, Caroline ; since the acid can be 
decomposed only by the owbination of its constituents with other 
bodies. 

Mrs, B. True ; but caloric is sufficient for this purpose. 

By making the acid pass through a red hot pprcelain tube, it is 
decomposed; the nitro^n and oxygen regaii^ the caloric which 
they had lost in combinmgyandasa&ua bom restored to their gas- 
eous state. 

The nitric aeid may also be partly decomposed, and is by this 
means converted into jtitbous acid. 

Caroline, This conversion must be easily effected, as the oxygen 
is so shghtly combined with the. nitrogen. 

Mrs, B. The partial decomposition of nitric add is readily ef- 
fected by mo^t melals; but it is sufficient to expose the nitric add 
to a vei^ strong light to make it give out oicrgen gas, and thus be* 
oonverted into nitrous add. This latter acid appears in various de-- 
giees of strength, accordmg to the proportions of nitrous add gas 
and waiter of which it is composed ; the strongest is a yellow comi« 
as you see in this bottle* 

GaroUm, How it fumes when the stopper is taken out ! 

Mrs, B, The add exists naturally Id a gaseous state, and is here 
so strongly concentrated in water, that it is constantly escaping. 

Here is another bottle of nitrous acid, which, you see, is of an or- 
ange red ; this add is weaker, that is, contains a smaller qnantiky ol 
the add gas; and with a still less proportion <^ the gas it is c^ an 

942. How is nitric acid obtained from the nitrate of potash? 

943. What is the common name of nitric acid dilnted in water ? 

944. What b the propriety of the name aqua fortis ? 

945. How may nitric acid be decomposed ? 

946. How ban nitrous acid be formed ? 

947. How may the ool<Nr of water be a£feoted by the differt nt pof 
tions of nitrous acid with which it is combined ? 
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olire green eolor, as it i^peaxs in this third l>ottle. In short, the 
weaker the acid, the deeper is its color. 

' Nitrous acid acts still more powerfully on some inflammable suhn 
stances than the nitric. 

Ermfy, I am surprised at that, as it contains less oxygen. 

Mrs, B. Biit, on the other hand^ it parts with its oxygen much 
more readily ;' you may recollect tnat we once infiamecf oil witk 
this acid. 

The next combinations of nitrogen and oxygen form only oxyds 
of nitrogen, the first of which is commonly <»lled nitrous air; or 
more properly mtric occyd gasJ^ - This may be obtained from nitiic 
add, by exposing the latter to the action of metals, as in dissolving 
them it does not yi^ the whole of its oxygen'^ but retains a portion 
of this principle sufficient to convert it into this peculiar gas, a spe- 
cimen of which I have prepared, and preserrea with this inverted 
glass bell. 
' Bmify, It is a perfectly invisible elastic fluid. 

Mrs, B. Yes; and it may be kept any length of time in this 
manner over water, as it is not, like the nitric and nitrous adds, 
absorbable by it. It is rather heavier than atmospherical air, and 
is incapable of supporting either combustion or respiration, t am 
gohig to incline the glasiB gently on one side, so as to tet some of 
uie gas escap&-T- 

' &»h/, njbvr very curious ! — ^It produces orange fumes like th*e 
nitrous iicid ! that is the more extraordinary, as me gas wijthin the 
glass is perfecliy invisible. 

Mrs, B, It would give me much pleasure if you could make out 
the reason of this curious change, without requiring any further 
explanation. i 

Caroline, It seems, by the color and smell, as if it were convertecl 
into nitrous acid gas ; yet that cannot be, unless it combines with 
more oxygen; and how can it obta^ oxygen the very instant it 
escapes from the glass? 

£m%. From the atmosphere, no doubt. Is it not so, Mrs. B.? 

Mrs, B, You have guessed it ; as soon as it comes in contact with 
tilie atmosphere, it abi^rbs from it the additional quantity of oxygen, 
neoessarv to convert it into nitrous acid gas. And, if I now remove 
the bottle entirely from the Water, so as to bring at once the whole 
of the gas in contact wi^ the atmosphere, this conversion wiU ap- 
pear stm more striking. 

Emity, Look, Carmine, the whol|9 capacity of the bottle is in- 
stantly tinged of an orange color ! 

Mrs. B, Thus you see, it is the most easy proo^ss imaginable to 

* To procure nitrous air, put into a retort some filings, or shav- 
ings of copper, on which pour nitric add, diluted with four or five 
parts of water ; tiben apply the heat of a lamp, and recmve the gas 
m the usual way, over water. — C. 

948. Why does not nitrous add act more powerfully on tome inflam- 
mable substances than nitric acid ? i 
d49. How can nitrons air, or nitric oxyd gas be obtained ? 

960. How can this gas be preserved ? 

961. How can nitrous oxyd gas be converted into nitrous acid gas ? 

19 • 
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eoofv^rt nitrons ojeyd gas^ into nitrmu'mid fas. The prop^ty of 
attraeting oxygen from the atrnpcphere, withont any eleTation of 
temperatqre, ms oocanoned this gaseous oxyd being nsed asu test^ 
iot ascertaining the de^ee of purity of the atmosjghere. Xam 
going to show you how it is applied to this purpose .-^-You see this 
*• graduated glass tube which is closed at one end, (see t^. 30,) I 
first fill it with water, and then introduce a oertaui measure of 
nitrous gas, which, not being absorbable by water, parses throng 
it, and occupies the upper part of the tube. I must now add ratter 
» above two thirds of oxygen gas, which will just be sufficient to 
convert the nitrous oxyd gas into nitrous acid gas. 

Caroline* So it has !-h[ saw it turn of an orange color : but it 
immediately afterwards disappeared mitirely, and the water, you 
see, has risen, and almost filled the tube. 

Mrs, B, That is because the acid gas is absorbad)le "by water, 
and in proportion as the gas impregnates the water, the latter rises, 
in the tube. When the oxygen gas is very pure, and the required 
proportion of nitrous oxyd gas very exacts the whole is absorbed by 
the water ; but if any other gas be mixed with the oxygen,- instead 
of combining with t£!e nilrous oxygen, it will remain and occupy the 
upper par^of the tube : or if the gases be not in the due proportioffy 
there will be a residue of that which predominates. jBefore we 
leave this subject, I must noi forget to remark that nitrous acid may 
Se formed by dissolving nitrons oxyd gas in nitric acid. This solu- 
tion may be ef^ted simply,, by making bubbles of nitrous oXyd 
gaspass through nkric acid. 

liftify. That is to say that nitrogen at its highest degree of 
oxyg^enation, being mixed with nitrogen at its lowest degree of 
oxygenation, wil] produce aliind of intermediate substance, which 
b nitrous acidi 

Mrs, B, You have stated thelact with great precision .-^-Ther^ 
are various other methods of preparing nitrous*oxyd, and of obtain- 
ing it from compound bodies ; but it is not necessary to enter into 
these particulars. It remains for me only to mention another curi- 
ous modification of oxygenated nitrogen, which has been distin- 
guished by the name of gaseous oaeyd of nitrogen. It is but lately 
that this gas has been aocurately exammed, and its properties have 
been investigated chiefly by Sir H. Davy. It has obtained also the 
name of exhUaraiing gas, from the very singular property which 
that gentleman has discovered in it, of elevating the animal spirits^ 
when inhaled into the lungs, to a degree sometimes resembling 
delirium or intoxication. 

CaroHne, It is respirable, then ? 

Mrs, B. It can scarcely be called respirable, as it would not sup- 
port life for any length of time ; but ft may be breathed for a few 
moments without any other effects, than the singular exhilaration of 
spirits I have jost mentioned. It s^fects different people, however, 

in a very different manner. Some become violent, even outrageous, 

" '■■■' ... I.I. I ,111 .. 

952. On what principle can nitrous air be api^ed, to test the purity 
of the atmosphere ? 

953. What is the process? 

954. By what other name is the exhilarating gas called f 

955. Aiid why is it called exhilarating gas ? 
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oUieis ezperienoe a languor attended witb funtness ; bat most agree 
in opinion, that the sensationB it exokes are extremely pleasant. 

CaroUne, I thought I shonld like to try it — ^bow do you l»eathe it ? 

Mrs. B. By collecting the gas in a bladder, to which a short tube 
with a stop-cock, is adapted ; this is a|^ed to the mouth with one 
band» whilst the nostrils are kept closed with the other, in ordet 
tiiat the comi^n air may have no access. You then alternately 
iniq»ire and empire tiie gas till yon perceive iti effects. But I can- 
not consent to your making the experiment; for the nerves are 
sometimes unpleasantly- aiected by it, and I would not run any 
rii^k of that kind^ 

*'EmUy, I should like, at least, to seo som^ody breaHie it; but 
pray by what means is this curious gas obtained ? 

Mrs, B, It is procured from nitrat qfammofiiaf* an artificial salt, 
which yields this gas on the application of a gentle heat. I have 
fat aome of the salt into a retort, and by the aid CKf the lamp, the 
gas will be extracted.— 

CaroUne. Bubbles of air begin to escape through the n^k of the 
retoort uito the water apparatus ; will you not colTect^them i 

Mrs. B. The gas that first comes over need not be preserved, as 
it consists of little more than Common air that was in the retort ; 

* To make nitrate of ammonia, take some nitric acid, er aqua 
fertis— -dilute it with four or five quarta of water ; put it into a shal- 
low earthen dish, and ^row in pieces of carbonate of ammonia, 
until the efiervescence ceases. Evaporate about one third of the 
liquor by a gentle heat, and set it away to crystallize. The crystals 
are long strained prisms. To procure the nitrons tmide or exkUara' 
^S %^y 9^d to t^y its effect by respiration, the following simple 
apparatus may be used, where a better is not at hand, rut some 
mtrate of ammonia into an oil flask, having first fittCMi iq it a cork, 
and glass tube, bent so as to go under the receiver in the water 
bath. Then apply the gentle heat of a lamp. 

For a receiver, fill a large jug with water, and invert it in the 
water bath ; having fitted to the jug a cork, havii^ tv^Fo holes^made 
through it with a burning iron ; into one of these holes put a glasa 
tttbe* open at both ends, and nearly long enough to reach the bottom 
of the jug. Provide a large bladder furnished with a short tube tied 
(o it. When the jug is nearly filled with the gas, remove and set it 
. upright by passing £e hand under its mouth-^4hen put in the cork 
and tube, the other opening in the cork being closed. When you 
wish to breathe the gas, ta3ce the stopper out of the cork; and pass 
in the tube attaclmd to the bladder. Then by means of a small 
tnnn^, pour water into the jug through the long tube, until it drives 
oiit gas enough to fill the madder. Mrs. B. describes the manner 
of breathing it. 

Cautum. — ^Let the gas stand an hour or two over water before it 
is breathed. — C. 

956. How is this gas breathed ? 

957. How is this gas obtained ? 

968. When do chSnical decompositions amd combinations take ptace^ 
durine ike formaUon of this gas from nitrate of ammonia f 
959. What caution is necessary before it is hreoi^edf 
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beeidet there is always in this experiment, a quantity of wat^y 
Tapor wfafeh must come away before the nitrous oxyd appears. 

£hniiy. Watenr Tapor ! Whence does that proceed ? There is no 
water in nitrat of ammonia ! ' 

Mrs. B, You must recollect that there is in eT;ery salt a quantity 
of water of ci^rstallization which may be evaporated by heat alone. 
But, besides this, water is actually generated in this experiment, as 
you will see presently. First tell me, what are the constitaent 
parts of nitrat of ammonia ? 

Enuh/, Ammonia, and nitri<k acid ; this salt, therefore^ contains 
three difierent elements, nitrogen and hydrogen, which produce the 
ammonia; and oxygen, which, with nitrogen, form& the acid. % 

Mrs, B, Well then, in this process the ammonia is decomposed : 
the hydrogen c^uits the nitrogen to combine with some of the oxy- 
^n of the nitric acid, and forms with it the watery yapor which 
IS now coming over. When that is effected, what will you expect 
to find ? 

Emify, Nitrous acid instead of nitric acid, and nitrogen instead 
of amfnonia. . 

Mrs. B. Exactly so : and the nitrous acid and nitrogen combine 
and form the gaseous oxyd of nitrogen, in which the proportion of 
oxygen is 37 parts to 63 of nitrogen. * 

1u>tt may hare observed, that for a little while no bubbles, of air 
have come over, and we have perceived only a stream of vapor 
ooodensing as it issued into the waler.-— Now bubbks of air again 
make their appearance, and I imagine that by thfs time all the 
watery vapor \9 oome ayeay, and that we may begm to collect the 
gas. We may try whether it is pure, by filling a phia} with it, and 
plunging a taper in it — ^yes, it will do now, for the taper bums 
brighter than m the common air, and with a greenish flame. , 

Caroline. But how is that P I thought no gas would support com- 
bustion but oxygen or chlorine. 

Mrs. B.^Ot any gas that contains oxygen, and is ready to yield 
it, which is the case with this in a considerable degree ; it is not, 
thcirefore, surprising thait it shbuld accelerate the combustion of the 
taper. 

You see that the gas is now produced in great abundance ; we 
shall collect a large quantity of it, and I dare say that we shall find 
some of the famify who will be curious to make the experiment of 
respiring it. Whilst this process is going on, we may take a g^i- 
era! survey of the most important combinations of the nitric and 
nitrous acids with the alkalies. 

The first of these is nitrat of potash, commonly called nUrSf or 
sqlt-f€tre. 

Caroline, Is not that the salt with which gunpowder is made ? 

Mrs. B. Yes. Gunpowder is a mixture of five parts of nitrat to 
one of sulphur and one of charcoal.'— Nitre, from its great proper- 

960. What are constituent parts of nitrat of ammonia? 

961. What i^the jfTocesst^ making nitrous aside f 

962. How is Ihe gaseous oxide of nitrogen formed ? 

963. How can it be determined when it is pure ? 

964. What is the common name of nitrat of potash^ 

965. Of what is gunpowder made f 



tioB of oxygen, and from the &eility with which it yields il, & is the 
basis of the most detonating compositions. 

Unify f But what is the cause of the violent detonation of gim 
IK>wder when set on fire ? - 

Mrs. JB, Detonation m£Mr proceed froijp two causes ; the suddem 
ftvmation oi destruction or an elastic fluid. In the first case, when 
either a solid or liquid is instantaneously^ conyerted into aa elastic 
ftud, the prodigious and sudden expansion of (he body strikes the 
ur with great violence, and this concussioa prodaces the sound call- 
ed detonation. 

. Carahne, That I comprehend very weU ; but how can a similar * 
efiect be produced by the destruction of a gas? 

Mrs. B, A gas can be destroyed only by condensing it to a liquid 
or solid state ; when this takes place suddenly, the gas, in assuming 
a new and compact Ibrm, produces a vacuum, into which the sur- 
^nnding air rushes with great impetuosity ; and it is by that fapid 
and violent motion that the sound is produced. In all detonations, 
ther^ore, gases are either suddenly formed or de8tro3r.ed. In thai 
of gunpowder, can you tell me which of these two circumstances 
takes ^ace? 

Eaukf, As gunpowder is a solid, it must^ of course, produce th& 
gases in its detonation ; but how I cannot tell. 

Mrs. B. The constituents of gunpowder, when heated to a cer- 
tain degree, enter into a number of new combinations, and are in- 
stantaneously converted into a variety of gases, the sudden expk>- 
■ion of which gives rise to the detonation ? 

JcaroUne. A^d an what instance does the destruistion or condensa- 
tion of gases produce detonation? 

Mrs^. B, 1 can give ypn one with which you are. well acqttaintedv 
the sudd^i combmation of the ojtygen and hydrogen gases. 

Caroline, True ; I recollect perfectly that hydrogen detonates ' 
with oxygen when the two gases are converted into water. 

Mrs. B, But let us return to the nitrat of potash. This salt is 
deeomposed when exposed to heat, and mixed with any combusti- 
ble body ^ such as carbon, sulphur, or metals, these substances oxy- 
dating rapidly at the expense of the nitrat. I must show you an in- 
stance of this.. I expose to the fire some of the salt in a small iron 
ladle, and when it is sufficiently heated, add to it some powdered 
charcoal : this will attract the oxygen from the salt, and be conr 
verted into carbonic acid. ' 

EmUy, But what occasions that crackling noise, and those sivid 
flashes that accompany it ? • 

Mrs. B. The rapidity with which the carbonic acid ffas is formed, 
occasions a succession of detonations, which, together with the 
emission of flame, is called deflagration, 

Nitrat of ammfmia we have already noticed, on account of the 
gaseous oxyd of nitrogen which is obtained from it. 

966. Why is nitre the basis of most detonatins compositions ? 

967. What is the cause of the detonation ofgunpowder, when fire 
» set to it ? 

968. What causes the detonation when a gas is destroyed ? 

969. In what instances does the destruction or condensation of gases 
piodace detonation ? 

970. When is the nitrat of potash decomposed? 
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NUrat of silver ^ is the lanar catuBtic, bo remarkable for its d#*; 
8troying animal fibre, for which purpose it is often used by sui- 
ffeons. We have said so much on former occasions, on the mode 
m which caustics act on animal matter, that I shall not detain yoa 
any longer on this subject. 

We now come to cakb«nic acid, which we haye already had 
mainr opportunities of noticing. You recollect that this acid may 
be formed by the combustion of carbon, whether in its imperfect 
state of charcoal, or in its purest form of diamond. And it is not 
necessary, for this purpose, to bum the carbon in oxwen gas, as we 
did in the preceding lecture ; for you need only bght a piece of 
charcod, and suspend it under a receiver on the water bath. The 
charcoal will soon be extinguished, and the air in the receiver will 
be found mixed with carbonic acid. The process, however, is 
much more expeditious if the combustion be performed in pure oxy- 
gen gas. 

Careline. But how can you separate the carbonic atsid, obtained 
in this manner^ from the air with which it is mixed ? 

Mrs. B. Tne readiest mode is to introduce under the receiver a 
quantity of caustic lime, or caustic alkali, which soon attracts the 
whole carbonic acid to form a carbonat. The alkali is found in- 
creased in weight, and the volume of the air is diminished by a 
quantity equia.1 to that of the carbonic acid which was mixed with it. 

Ermiy, Fray, is there no method of obtaining pure carbon from 
carbonic .^cid .> 

Mrs, B, For a long time it was supposed that carbonic acid was 
not decompoundable ; but Mr. Tennant discovered, a few years ago, 
that this acid may be decomposed by burning phosphorus in a closed 
vessel with carbonat of soda or carbonat of lime : the phosphorus 
absorbs the oxygen from the carbonat, whilst the carbon is separat- 
ed in the form of a black powder. This decomposition, however, 
is not afiected simply by the atraction of the phosphorus for oxygen, 
since it is weaker than that of charcoal ; but the attraction or the 
alkali or lime for the phosphoric acid unites its power at the same 
time, 

Caroline. Cannot we make the experiment? 
^ Mrs. B. Not easily ; it requires being performed with extreme 
nicety, in order to obtain any sensible quantity of carbon, and the 
experiment is much too delicate for me to attempt it. But there 
can be no, doubt of the accuracy of Mr. Tennant's results; and all 
chemists now agree that one hundred parts of carbonic acid gas 
consist of about twenty-eight parts of caroon to seventy-two of oxy- 
^n gas. But if you recollect, we decomposed carbonic acid gas, 
&ie other day, by burning potassium in it. ' 

CaroUne. True; so we did; and found the carbon predpitated- 
on the regenerated potash. 

Mrs. JB. Carbonic acid gas is found very abundantly in nature ; . 
it is supposed to form about one thousandth part of the atmosphere ; 

971. What is nitrat of silver? 

972. What gas is produced by the burning of charcoal in ozygea 
gas? 

973. How is carbonic acid formed ? 

974. And how can carbon be obtained from carbonic acid ? 

975. What portion of tf&e atmosphere does this gas form ? 

976. How is the carbonic acid gas in the atmosphere produced ? 
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and 10 4xyist«^t]y prodiioed by the respiration of aaiofieik:; it exists 
ii^'a ffre%t jar^ty. of combinations, and is exhaled from many natu- 
ral &c6mpo8ij|ipns. , It, is contained in a «tate -of gr^tpmrity in 
eertain caves, such ais the Qroiio del Cane, hear Naples. 

Enuh/. I recollect having read an account of that ^otto, and of 
the cruel experiments made on the poor dogs, to gratify the curios- 
ity of strangers. But I understood that the vapor exhaled by the 
cave 'was ciQled fixed air. 

Mrs. B. That is the name by which carbonic acid was known 
before its chemical composition was discov/^red. . Tiiis gas is more 
destructive of life than any other; and if the poor animals that are 
Submitted to its effects are not plunged into cold water as soon as 
they become senseless, they do not re^pv^t. It extinguishes flame 
instantai^^pusly, I have collected some in this glass, which I wUl 
pour over die candle.* . r .. , 

Caroline. This is extremely singular— -it seems to extinguish the 
ligh^.as it were by enchantment, as the gas is iuTisibie. I never 
should have imagined that gas could have been poured hke a liquid. 
. Mrs. B. It can be done with carbonic acid only, as no other gas 
.;» sufficiently, heavy to be susceptible of being poured out in the 
atmospherical air, without mixing with it. 

Bmily. Pray bj what means did you obtain this gas? 

M^s. ^.^ I procured, it from marble. . Carbonic acid gas has so 
strong, an attraction for all the alkalies and alkaline earths, that 
these are always found in nature in the state of carbonats. Ck>ni- 
bhied with lime, this acid forms chalk, which may be considered as 
the basis of all kinis of marbles, and calcareous stones. From these 
substances carbonic acid is easily separatee^, as jt adheres so slight- 
ly to its coi^binatipns, that the carbon^ are all decomposable by 
any of the other aqids. I can easily show you how I obtained this 
fSA ; I poured some diluted sulphuric acid over pnherized marble 
m this bottle, (the same wluch we used the other day to prepare 
hydrogen gas,) and the gas escaped through, the tube connected 
with it; the operation still .continues, as you may peroeiver — . 

JEinruly. Yes, it does; there is a great fennentation in the glass 
vessel. What singular commotion is excite^ bythe sulphuric acid 
taking possession of the lime, and driving out the carbonic acid? 

Caroline. But did the carbonic acid exist in a gaseous state in 
the marble? . 

Mrs. B. Certainly not; the acid, when'in a state of combina- 
tion, is capable of existing in a solid form. 

Carolirue. Whence, then, doiss it obtsun the caloric -necessary to 
'convert it into gas ? 

* Merety poiiring it over a candle will not extinguish it. Put a 
short piece pf caomle or taper, into th^ bottom of a deep tumbler, 
and then pour in the gas, and the flame goes but as quickly as 
though you poured in water. — C. 

' 977. By what naine was this known before its chemical composi- 
tion was discovered ? "^ 

978. By what means is this gas procured for experiment ? 

979. Ofwhat is chalk formed? 

960. What is the basis of all kinds of marble and calcareous earths ? 
'991. How may carbonic acid be obtained from marble ? 
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K B» It mfty be Btt{»plied in tiiis easB from the mixtmiB of Mk- 
^phuric add and water, wnidh produces an bvolution of heat, eTOii 
greater than is required for the purpose ; «mee as you may per- 
ceive by touching the glass vessel, a eoiftiderable quantity of the 
ealoric disenffaged becomes sensible. But a supply of caloric may 
be obtained uso from a diminution of capacity for neat, occasioned 
by the new eombinatioti which takes nlace ; and, indeed, this must 
be the case when other acids are employed for the disengagement 
of carbonic acid gas, which do not, like the sulphuric, produce heat 
on beinff mixed with water. Carbonic acid mav likewise be dis- 
engaged from its combinations by heat alone, whidi restores it to 
its ffaseous state. 

Caroline. It appears to me very extraordinary that the same gas 
which is produced by the burning of wood and coal should exist 
also in such bodies as marble ana chalk, which are incombustible 
substances. 

Mrs, B, I will not answer that objection, Caroline, because I 
'think I can i>ut you in the way of doing it yourself. Is carfoooRS 
acid combustible ? * 

CaroHne. Why, no— because it is a body which has been already 
burnt;* it is'carbon only, and not the acid that is combustible. 

Mrs. B. Well, and what inference do you draw from this ? 

Carohne. That carbonic acid cannot render the bodies with which 
it is united combustible ; but that simple carbon does, and that it is 
in this elementary state that it exists m wood, coals, and a great t^ 
•riety of other combustible bodies. ^ Indeed Mrs. B., you are very 
ungenerous ; you are not satisfied with convincing me that my oN- 
Ejections are frivolous, but you oblige me to prove them so myself. 

Mrs. B. You must confess, howerer, that I make ample amends 
-for the detection of error, when I enable you to discover the truth. 
You understand, now, I hope, that carbonic acid is equally produced 
by the decomposition of chalk, or by the combustion of charcoal. 
These processes are certainly of a^ery difierent nature ; in the first 
case, the add is already formed, and requires nothing more than 
heat to restore it to its gaseous state ; whilst in the latter, the acicl 
'is actually made by the process of combustion. 

Caroline. I understand it now, perfectly. But I have just been 
thinking of another difficulty, which I hope, you will excuse mj 
not being able to remove myself. How does the immense quantity 
of cal<»reous earth, which is spread all over the globe, obtain the 
carbonic acid with which it is combined ? 

Mrs. B. The question is, indeed, not very easy to answer ; but 1 

* Not buam$ in the common acceptation of the word. The carboti 
is already united to oxygen, and therefore has no affinity for it. In 
^the artificial production of earbonic add, the carbon is burnt.— O. 

' 960. Whence does carbonic acid obtain the caloric' necessary to ooH- 
' Vert it into cas? 

983. Win carbonic acid render a body oonibastible ? 

964. It might be thought that carbonic acid could not be obtained 
'from substances so unliM as chalk and oaibon— how is this obgeetiob 

answered .' 

965. How do the processes of obtaining carbonic acid from the ds- 
'composition of chalk, and the combustion of charcoal, difier? 
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eonMiye tihat tbe genenil earlK>nization of calcaiqons matter may 
have been the efiect of a general combustion* occasioned by some 
reyolntion of our globe^ and nrodacing an immense supply of car- 
ikmic add, with which the calcareous matter became im])regnated ; 
or that this may have been eflected by a gradual absorption of car- 
boiuG acid from the atmosphere. But this would lead us to discus- 
sions which we cannot indulge in, without deviating too much from 
eur subject. 

Entity . How does it happen that we do not perceive the perni- 
cious effects of the carbonic acid which is floating in the atmos- 
phere/ 

Mrs. J9. Because of the state of the veiy great dilution in which 
it exists there. But can you lell me, Emily, what are the sources 
which keep the atmosphere constantly supplied with this acid ? 

BmHy, I suppose the combiastion of wood, coals, and other sub- 
stances that oontain Oarbon. 

Mrs, B, And also, the breath of animals. 

Caroline^ The breath of animads ? I thought you said that thft 
gas was not at all respirable, but on the eootrury, extremely poi- 
sonous. 

Mrs, B, So.it is ; but although animals cannot breathe in carbo- 
nic acid gas, yet in the process of respiration, they have the power 
of forming this gas in their lungs ; so that the air which we eaipire, 
or reject from the lungs, always contains a certain proportion of 
carbonic acid, which is much greater than that which is commonly 
found in the atmosphere. 

CaroUne, But what is it that renders carbonic acid such a deadly 
poison? 

Mrs. B. The manner in which this gas destroys life, seems to 
be merely bv preventing the access of respirable afr ; for carbonic 
acid gaa, unless very much diluted with common air, does not pene- 
trate into the lungs, as the windpi|)e actually contacts and refbses 
it admittance. — ^But we must di^inss the subject at present, sjb we 
shall have an opportunity of speaking of respiration much more 
fully when we come to the cheBMcal functions jof animals. 

JEhuly. Is carbonic acid as destructive to the life of vegetables as 
it is to that of anij[nals ? 

Mrs. B, if a vegetable be oompletelv immersed in it, I believe 
it generally proves fatal to it ; but mixed in certain proportions with 
atmospherical air, it is, on the contrary, very favorable to vegeta- 
tion,. 

* This idea is at random. We cannot account for the origin of 
carbonic acid in its native state, any better than we can for oxygen. 
It canQOjt be the pijoduct of combustion, since it existed before the 
growth of combustible materials. — C. 

966. How does mai^le and calcaseoos earth obtain its gieat quantity 
of carbonic acid ? 

987. Why do we not experience the pernicious effects of the earbonio 
jteid in the atmosphere.^ 

968. How is the atmosphere supplied with this acid ? 

968. Why is carbonic acid gas destructiye to animal life ? 

990. What effect does it have on vegetation ? 
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You xoB^ember, £ tiapjpoeey our meatioBiBg the zpineral 
both natural and aitM«»al, which contain carbonic add gsft I 

Caroline, You mean the Seltzer water ? 

Mrs. B, That is oob of those which, are most isaed ; ther# axe, 
howerer, a variety of others into which carbonic acid enters as an 
ingredient ; all these waters are usually distinguished by the name 
.of addulaus or gaseous wineral waters,. 

The class of salts called carbonais, is the most numerous in 
jiature ; we must pass over them in a very cursory manner, as the 
subject i» far too extmsive for us to enfer on it in detail. The state 
of carbonat is the natural state of a vast number of minerals^ and 
particularly of the alkalies and alkaline earths, as they have so 
great an attraction for the carbonic acid, that they are almost al- 
ways found combined with it ; and you may. recollect that it is only 
by separating them from this acid, that they acquire causticity and 
those striking qualities which I have formerly described. All 
marbles, chalks, shells, calcareous spars, and hmestones of every 
^description, are neutral salts, in which lime, their common basis, 
has lost all its characteristic properties. 

Errdly. But if all these various substances are formed by the 
•union of lime with carbonic acid, whence arises l^ir diversity of 
form and appearance ? , 

Mrs, B. Both from the different proportions of their component 
parts, and from a variety 4>f forei£^ ingredients which may occa- 
sionally be bfended with them ; the veins and colors of marbles, 
for instance, proceed from a mixture of metallic substances ; silex 
and alumine also frequently enter into these combinations. The 
various carbonats, therefore, which I have enumerated, cannot be 
considered as pure and unadulterated neutral salts, although they 
certainly belong to that class of bodies. 



CONVERSATION XIX. 

ON THC BORACIC, FLUORIC, MURIATIC, AMD OXYGENATED MURIATIC 
ACIDS ; AND ON MURIATS. — ON IODINE AND IODIC ACID. 

Mrs. B. We now come to the three remaining acids with simple 
bases, the compound nature of which, though kme suspected, has 

been bat recently proved. The chief of these is we muriatic : but 

«■ ' ' ' ■ ■'■ ■ ■ II I I I ■ ^ I.. — 

991. What are the waters called, into which this gas enters as an 
mffredient? ' 

993. What are the salta formed by the acid of this gas ? 

993. How extensive is this class of salts, and under what forms do 
they chiefly occur in nature ? 

Sf94. If hme is the common basis of marbles, chalks, shells, calcaie- 
ouB spars, and limestones, why is there such a diversity in their form 
and appearance ? 

995. rrom what do the veins and colors of marble proceed ? 
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f aiiall first desoribe the two others, as thek bases ha^e been ob» 
•tamed moxe distmctiy than that of the muriatic acid. 

Toa may recollect I mentioned the bobacic acid. This is 
Iband yery^ sparingly 'in some parts of Eiirope,^ bnt fas the use of 
manu&ctures we have always received it from the remote country 
iof TMbet, where it i^ found in some lakes, combined with jsoda. 
it is easily separated from the soda by sulphuric addy and appear* 
m tiie form of shining scales, as ^ou see here. 

CaraUve. I am glad to meet with an anHd which we need not be 
lafraid to touch; for I perceive from your keeping it in a piece of 
paper, that it is more mnoeent than our late acquaintanee, the sul« 
phurie and nitric acids. 

Mrs, B. Certainly-; but being more inert, you will not find its 
properties so interesting. However, its decomposition, and the 
brilliant spectacle it affords when its bams again unites with oxy<> 
gen, atones for its waM of other striking qualities. 

Sir H. Davy succeeded in decomposing the boracic acid, (which 
had till then, been cCnsidered as undecompoundable,) by variott& 
methods. On expoong this acid to the Voltaic battery, the posi- 
tive wire gave out oxygen, and on the neffative wire was deposited 
'a black smwtance, in appearance reaembMng ciiarcoal. This was 
Ahe basis of the acid, which Sir H. Davy 1ms caUed Boradvm at 
Boron. 

The same substance was obtained in more considerable quantities 
hy exposing the acid to a great heat in an iron ^un barrel. 

A third method of decomposing the boracic acid consisted in burn- 
ing potassium in coatact W4th it m vacuo. The potassium, attracts 
^he oxygen from the acid, and leaves its basis in a separate state. 

The recomposition of this acid I shall show you by burning some 
of its basis which you see here, in a retort fail of oxygen gas. The 
heat of a caifdle is all that is Teqmred for this combustion. 

Emibf, The light is astonishingly brilliant, and what beautiful 
sparks it throws out ! 

Mrs. J?.. The result of tlas combustion is" the boracic acid, the 
nature of which, you see, is proved, both by analytic and synthetic 
means. Its basis has not, it is true, a metalHc appearance ; but it 
makes very hard aHoys widi other metals. 

ErrUfy. But pray, Blrs. B. for what purpose is the boracic acid 
^used in manufactures ? 

Mrs. B. Its principsd use is in conjunction with soda, that is, in 
the state of borat of soda, which in the arts is commonly called 
borax. This salt has a pecoiiar power of dissolving metallic oxyds^ 
and of promoting the fusion of substances capable of being melted ; 
it is accordingly employed in various metallic arts; it is used, for 
example, to remove me oxyd irom the surface of metals, and is oflen 
eniployed in the assaying of metaiMc ores. 

Let us now proceed to the fi»uoric AciSi This acid is obtained 
from a substance which is found firequ^ntly in mines, and partict:(- 

996. Where is the boracic acid obtained ? 

997. What is the composition of borax ? 
f}^. What is the basis of this teid.? 

999. Tor what purpose is the boracic acid used in manuftctures ? 
1000. From what is the fluoric acid obtained ^ 
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]adf m tlime of Berbyriine, called finOr^ a name whicli it acquued 
fiom the cucomstaiice of its being lued to render ^ ores of ntetab 
more floid when heated. 

CatoHoM. Fray, is not this the Derbyshire spar, of which so manjr 
ornaments are inside ? 

Mn. B. The same ; bat though it has long been employed for a 
Tsiiet^of muiMXBeSj its nature was unknown nntil Scheele the great 
Swedish (memist, discovered that it consisted of lime united with a 
peculiar acid, which obtained the name of Jktorie add. It. is easily 
separated fiom the lime by the snlphonc acid, &nd unless cbndensed 
in water, ascends ip the form of gas. A very peculiar property of 
this add, is its union with siliceous earths, which I hare already 
mentioned. If the distillation of this acid is performed in glass 
vessels, they are corroded, and the siliceous part of the glass comes 
over, united with the gas ; if water is then admitted, part of the 
silex is deposited, as you may observe in the jar. 

Caroline. I see white flakes forming on the surface of the water ; 
is that silex? 

Mrs, B, Tes, it is. This power of corroding glass has been used 
for engraving, or rather etching upon it. The ^Tass is first covered 
with a coat of wax, through which the figures to. be engraved are "'. 
to be scratch^ with a pin; then pouring the fluoric acid over the-'^ 
wax, it corrodes the glass where the scratches have been made» «. 

CareUTie, I should hke to have a bottle of this acid to make en-^ 
gravings.* _ ^ 

Mrs, B, But you could not have it in a glass bottle ; for. in that 
case, the acid would be saturated with silex, and incapable of oxe^^ 
cutin^ an engraving ; the same thing would happen were the aci^ 
kept m a vessel of porcelain or earthen ware ; this |^id must there^ 
fore be both prepared and preserved in v^s&els of sjlveTi 

If it be distilled from fluor spar and vitriolic acid, in silver or lead- \ 
en vessels, .the receiver being kept very cold during the distillation, 
it assumes the form of a dense fluid, and in that state is the most inr 
tffisely corrosive substance knovvn. This seems to be the acid com- 

* A bottle of fluoric acid is not easily obtained. To make etch- 
ings on glass, first cover the glass with a thin coat. of bees wax.-rr 
This is done by vrarming it over a. lamp ^ and passing the wax over 
the surfiice. Then make the drawing by cuttm? through the wax^ 
quite do^ to the glass. To do the etching in Sie smadl way, take 
a lead or tin cup, and on the bottom place suwut a table spoonful of 
pulvctrized fluor spat, and on this pour sulphuric acid enough to 
moisten ii^piace the glass on the cup as a cover), with .the $ide to 
be etched downward-^tnen set the cup in warm water^ or warm the 
bottom over a lamp, taking care not to melt the wax. In 15 or 20 
minutes or more, the etchmg will be done. In this way, dravnngs 

are easily and beautifully mule on glass. — G. 

— ■— . 1 1 1 .11 I II . .■■ I 1 1 .. ' i III ' f i I ■ ■ II. I.I 1 .1 

1001. From what does it derive its name ? 

1002. By what other name is this acid called ? 

1003. Of what does it consist? 

1004. What singular e£fect does it have on glass? 

1005. How couM you describe the rae^od of etching on glass ? 
. 1006. In what kind of vessels may it be preserved ? 
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hmed trith a Mtile water. It may Be eaOiBd hydrcftuottt wid; and 
Sir H. Davy has been led, from late experimentB eh the subjoct, to 
ecmnder jmrts fluoric acid as a compound of a certain unknown prin- 
ciple, which he csXisJkuyrine, with hydrogen. 

Sijr H. Bav^ has adso attempted to decompose the fluoric acid by 
burning potassium in contact with it ; but he has not yet been able 
by this or any other method, >to obtaindts basis in a distinct separate 
state. ^ 

We ^ftli conclude our account of the acids with that of the mv- 

aiATic ACID, which^s, perhaps, the most curioils and interesting of 

•all of them, fi is found in nature combined with soda, lime, and 

magnesia. Mu/riat rfsoda is the common sea salt ; and from this 

sul^tance the add is usually disengaged by means of the sulphuric 

acid. " The natural state of the miHfiatic acid is that of an invisible' 

permanent gas, at the common teinperature of the atmosphere ; but 

It has a remarkable strong attraction for water, and assumes the 

form of a whitish cloud whenever it meets any moisture to combine 

^ with. Tto acid is remarkable for its peculiar and very pungent 

. ^ . smell, and possesses, in a powezfal degree, most of the acid proper- 

'' ties. Here is a bottle containing muriatic acid in a liquid state. 

Ozro/iTi^. And how is it liquefied ? 

Mrs, B, By impregnating water with it : its strong attraction for 
water makes it very easy to obtain it in a liquid form. Now, if I 
open the vial, you may ooserve a kind of vapor rising from it, which 
is miiriatic acid gas, of itself invisible, but made apparent by com- 
bining with the moisture of the atmosphere. 

Emily. Have you not any (tf the pure muriatic acid gas ? 

Mrs, B. This jar is full of tha^ add in its gaseous state — it is 

.^inverted over mercury instead of water, because, being absorbable 

• by water, this gas cannot be confined by it.— I shall now raise the 

r jar a little on one^ide, and sufiSer some of the gas to escape. You 

* see that it immediately becomes visible in the form of a cloud. 

Emily, It must be, no doubt, Crom its uniting With the moisture 
of the atmosphere, that it is ooaveited into this dewy vapor, 
^j- Mrs, B, vertajirtiy : and for the same reason, that is to say, fts 

extreme eagerness to unite with water, this gas will eause snow to 
melt as rapidly as an intense fire^ 

This acid proved much more refractory, when Sir H. Davy at- 
^tempted to decompose it, than the other two undecomposed acids. 
It is singular that potassium will burn in muriatic acid, and be con- 
verted into potash, without decomposing th^ acid, and the result of 
4his combustion is a muriat of potash; for the potash as soon as it is 
^generated, combines with the muriatic aoid. 

Caroline. But how can the potash be regenerated if the muriatic 
acid does not oxydate the potassium? 

Mrs. B, The potassium in this process, obtains oxygen from the 
moisture with which the muriatic acid is always combined, and, ac- 

1007. What did Sir H. Dav/ call this acid ? ' 

1008. Where is muiiatic acid found ? 

1009. What is the natural stote ? 

1010. How is it lif^uefied? 

1011. How can this ffas be confined without a mercurial bath ' 

1012. What effect wul muriatic gashave on snow f 
^013. Why will it melt snow ? 

20* 
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eordinglj, hydrogen, resultiDg from the deoempointioa of the ihoi*- 
tore, 18 ULTariablv evolyed« 

Emify, Bat why not niake tiiese expeiiments with dry muriatie 
acid? 

Mrs. B. Diy acids cannot be acted on by the Voltaic battery, be- 
cause acids are non-conductors of electricity ^^ unless moistened. 1^ 
the course of a nfimbeir of experiments^ wnick Sir H. Davy made 
upon acids in a state of dryness, he observed that the presence of 
water appeared always necessary to develope th^addArCperties, so 
that acids axe not even capable of reddening y^etable Jbdues if they 
have been carefully depnyed of moisture. This remarkaUe dp? 
cumstance led him to suspect, that water, instead of oxygen, ma^r bQ 
the acidifying principle ; but this he threw out rather as a conjec- 
ture than fjiM an estauished point* , . . , 

Sir H. Davy obtainfed very cuiious xesults from bnming potassi^ 
um in a mixture of phosphorus and muriatic acid, and. also of sol-- 
phur and muriatic acid ; the latteor .detonates with great violence* 
All his experiments^ however^ faiied in presenting to his view tb^ 
basist>f the muriatic acid, <ifwhieh he was. in search; and he was 
at last indsficed to forin an opinion respecting the nature of this acid^ 
which I shall presently explain. 

Emily, Is this acid susceptible ofdifierent degrees of olxygenation? 

Mrs, B, Yes ; for ihougii it cannot be deoxygenated, yet we may 
add oxy^n to it. 

Carqhne. Why, then, is not the least debtee of oxygenation of. 
the acid called Ihe muritaus, and the higher degree the muritic 

acid ? * . , . . " 

Mrs. B, Because, instead of becoming, Ujke other acids, more 
dense, and more acid by an Edition of oxygen, it is rendered, on the 
contrary, more volatile, more pungent, but less acid, and less ab- 
sorbable by water. These circumstances, therefere, seem to indi- 
cate the propnety ,ai making an exception to the nomenclatures. 
The biffhest degree of oxygenation of this acid has been dbtii^^uish- 
ed by the additional epithet af oxygenated, or, for the sake of brev£-. 
ty^ oscyp so that it is cabled oxygenated or oan^^mwriatic add. This 
likewise^ exists in a gasepus form^at the temperature of the atmo»-, 
phere ; it is also susceptible of being absorbed by water, and can be 
congealed,, pr sotidified, by a certain degree of cold. 
JSnuiy, And how do you obtain the oxy-muriatic acid? 
Mrs, B, In various, ways ;. b^ut it may be most conveniently ob- 
tained by .distilling liqu^ munatic add over qxyd of manganese^ 
which supp^es the acid with the additional oxyg^en. . One part of the 
acid beins^ put into a Vetort, with two parts of the oxyd of manga^ 
nese, and the heat of a lamp s^ptied, the gas is soon disengaged, and 

1014. Why cannot dry acids be acted on )xy the Voltaic battery ? 

1015. What is the basis o^mariatic acid T 

1016. Is this acid capable oi''com1>iniiig with different^ proportions of 

oxygen? %, -^ > 

1017. Why is not the teiuft d^giee of oiygenation called the muri* 
tons acid ? 

1018. What is the highest degree of ciy^ntoXcih of this acid called ' 

1019. How is the oiy-muriatic acid ootained ? 
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.may be leceired over water, as U is but sparingly absorbed bj iu 
I bate collected some in this jar — * , 

. CaroUne, It is not invisible, like the generality of gases ; for it is 
xrf a yellowish color. , 

, 14rs. B. The muriatic acdd extinguishes flame j whilst, on the 
contrary, the oxy-muiiatic makes the flame larger, and gives it a 
dark red color. Can you account for this difference in the two 
acids? ! ' ■ ■ . ., .... 

Emihf. Yes, I think so ; the muriatic add wOl not supply the f^axD& 
with the oxyg.en neoessary for its support;. but whpn this acid is 
farther oxygenated, it w31 part with its additional quantity of oxy- 
gen, and in this way support oomhqstion.t • ' < 

Mr9^ 3, jThis is exactly the ca$es indeed the oxygen added to 
tke muriatic acid, adheres so slightly to it, that it is, separated by 
mere exposure to. the ^un's rays. . This acid is decomposed also bjr 
combustible bo<Mes, many of which it burns, .and actually inflames^ 
without any previous increase of temperature. 

Cbro&'ne. That is extraoriMnary, indeed! I^ope you mean to ii^- 
dnlge us with some of these experiments ? ■ . . 

Mrs, B. 1 have prepared several glass jars pf oxyrmuriatic acid 
gas for that purpose. In the first, we shall introduce some Dutch 
gold leaf. — Do you. observe that it takes fire?^ , 

EmUy, Yes, mdeed it doesr— how wonder^l it is ! It became imr 
mediately red hot, but was soon smotheied in a thick vapor. 

Caroline, W hat a disagreeable smell ! , 

Mrs, B., We shall try the same expeiiment with phosphorus iii 
anotiier jar of this acid. You had better ke^p ypur handkerchief to 
your nose when Popen it-^now let us drop mto it this little piece of 
phosphorus-^ • • . ^ 

Caroline. It burns really ; and almost ais brUliantljr as in oxygei^ 
gas ! Btit l^hat 'lis most e^traordinaty,. these combustions take place 
without the metal or phosphorus being previously lighted, or even 
in the -least heated. ...... ^ 

Jllf». 20. J^W these curious effeOts are owing to the very great fa^ 
c^ity with ..which this acid yields QX3rgen to such bodies as are 
strongly disponed .to combine with it. U appears extraordinary in- 
deed to see Dodies, and metals in particular, melted down and in-^ 
flamed by a gas, without any increase of temperature, either of the 
gas -ot of the combustible. The phenomenon, however, is, you seOy 
well accounted for. 

Emify. Why did yoXi bum a piece of Dutch gold leaf rather than 
a piece of any other metal ? ,-.... 

Mrs. B. Because, in the first .place, it is a composition of metals 

•breathing only a. few bubbles of the gas is attended with bad— 
sometimes wiUi dangerous consequences. The young chemists, 
therefore, had better not undertake to maJke it. — C. 

t According to this new theory of chlorine, as will be explained 
at'the ^d of this conversation, -this combusUpn 4s effected m con* 
sequence of the union of chlorine (or oxy-muriatic acid) with the . 

hydrogen of the combustible bodjr. 

i - ■..-■ ..V .... 

1020. Why will the muriatic acid eztinffuish flame, and oxy*murt- 
atic acidmake it larger,.gitingiiadark reu color ? . . 

1021. Why will some oombajstiblp bocdes burn in tHis acid withoxA 
any pre wus increase of temperature ? 



((oonsistmg chiefly of copper) wkich' bums imsSAr ; ind. I isR'a.tli]ft 
metallic leaf in preference to a lump of metai, becaaae it ofifen to 
the action of the gas bat a sooafl quantity of mattei^ under a lar^e 
surface. Filings, or shavings, would answer the purpose nearly a^ 
well ; hut a lump (tf metal^ though the surface womd oxydate with 
great rapidity, would not take fire. Pure gold is not inflamed by 
oxy-muriatic a<^d ^as, but it is rapidly loxydated, and dissolved ifj 
it ; indeed, this acid is the only one that will dissolve gold. 

Emily. This, I suppose, is what is commonly called aqua regia^ 
which you know is the only thing that will act opon gold:. 

Mrs. B, This is not exactly ths ease either ; for aj^na regiar is 
'Composed of a mixture of muriatic acid and nitric acid; But, in 
fsLct, the result of this mixture is the formation of oxynnuriatie 
aoid, as the muriatic acid oxygenates itself at the expense of the. 
nitric; this mixture, therefore, though it bears the name of nitro^ 
murtatic add, acts en gold merdy ia virtue of the oxy-rauriaJtic add 
which it contains. 

Sulphur, volatile oils, and many other substances, will bum in the 
«ame manner in oxy-muriatic acid gas ; but I have not prepared a 
sufficient quantity of it, to show combustion of all these bodies. 

Qxroline. There are several jaia of the gas y^ remaining. 

Mrs. B. We must reserve these for future experiments. The 
oxy>muriatic acid does not, like other acids, redden the blue vege> 
table colors ; bttt it totally deatrojrs all color, and turns vegetables 
perfectly white. Let us collect some vegetable substances to pot 
into this glass, which is full of gas. 

Endly. Here is a sprig of myrtle— * 

Caroline. And here some ealored papeiv** 

Mrs. B^ We shall ateo put in this piece of scarlet riband, and a 
tose — 

Ermfy. Their colors begin to ^e immediately. But how does 
the gas produce this effect? 

Mrs. B. The oxygen combines with the coloring matter of these 
subi^ances, and destroys it ; that is to say, destroys the property 
which these colors had of jrefiectin^ only one kind of rays, and rei^ 
^ers them capable of reflecting them all, which, you know wiH 
make them appear white. Old prints may be cleansed by this acid^ 
for the paper vtdll be whitened without injury to the impression, as 
printer's ink is made of materials (oil and lamp Uack) which are 
«ot acted on by acids. 

This property of the oxy-muriatic acid has lately been employed 
in manufactures in a variety of bleaching processes ; but for these 
purposes, the ^as must be dissolved in water, as the acid is thus ren<^ 
-dered much milder and less powerful in its eifects ; for in a gaseous 
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1022. By what acid is gold oxy dated and dissolved ? 

1023. Why does a mixtare of nitric and muriatic acids dissf^ve g<dd 
when neither of them will do it alone ?. 

1024. What effect does the ozy-imiriatie acid have oa vegetable 
icolors ? 

1025. Why does it produce this e^ct f 

1026. Why is it, that the paper of old prints may be cleansed by this 
^id, without any injury to the impression.^ 

J 027. Of what use is the ozy-muriatie acid in maaufacUues ' 
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i&iA\ ft wOtld destroy the texture, as well as ibe color of the »A^ 
stance submitted to its action. . 

CtavHne, Look at the thincs which we put into the gas; they 
havQ now entirely lost their color ! 

Jf^V. B. The efi^ct of the add is almost completed ; and if we 
were to examine the quantity that remains, we should find it to 
consist chiefly of muriatic acid. 

The oxy-muriatic add has been used to purify the air in feyer 
hospitals and prisons, as it bums and destroys putrid effluvia of 
every kind. The infection Of the small-pox is likewise destroyed 
by this gas, and matter that has been submitted to its influence will 
no longer generate that disorder. 

Caroline, fiidoed, I think the remedy must be nearly as bad as 
the disease 5 the oxy-muriatic acid has such a dreadfully suflbcating 
smeil. 

Mrs, B, It is certainly extremely oflfensive : but by keeping the 
mouth shut, and wetting the nostrilB with liquid ammonia, in order 
to neutralize the vapor as it reaches the nose, its preiudicial efl^ts 
may be in some degree prevented. At any rate, however, this 
mode of disinfection can hardly be used in places that are inhabited. 
And. as the vapor of nitric acid, which is scarcely less efficacious 
for this purpose, is not at all prejudicial, it is usually preferred on 
such occasions. 

Caroline. You have not* told us yet what is Sir H. Davy's new 
opinion respecting the nature of muriatic add to which you alluded 
a few minutes ago ? 

M'S. B. True : I avoided noticing it then, because you could 
not have understood it without some previous knowledge of the 
oxy-muriatic add, which I have but just introduced to your ao* 
qUaintancCv - .? . . / 

Sir H. Davy's idea Is, that muriatic idd, instead of being a com- 
pound oonsistmg of an unknown basis and oxygen, is formed by 
the union of oxy-muriatic ffas with hydrogen. 

. Emily. Have you not told us just now that oxy-muriatic gas was 
Itself a compound of muriatic acid and oxygen ? 

M'S. B. Yes; but according; to Sir H. Davy's hypothesis, oxy- 
muriatb gas is considered as. a simple body, wluch contains no oxy- 
gen — as a substance of its own kind, which has a ^at analog to 
<^ygen in most of its propei^es, though in others it differs entirely 
from it. According to this view of &e subject, the najne of oay* 
muriatic add can no longer be proper, and therefore. Sir B. Davy 
has adopted that o{ chlorine or chlorine gas, a name Which is simply 
expressive of its greenish color;, and in compliance with that pni-r 
losopher's tiieory, we have fdaoed chlorine in our table among the 
simple bodies. 

C(^oline>. But what wais Sir H. Davy's reason for adopting an 
opinion- so coiitraiy to that which had hitherto prevailed ? 

Mrs. B. There are many circumstances which are favorable to 
the new doctrine ; but the clearest and simplest fact in its support is^ 

^— ■» ■ - »■ II ; ■ ■ > ■ II _ i I I. » I < , ^ II .. ■ 

1028. For what medicinal purpoie has it been used P 
, 1029. How may the inconvenience of the oxy-murtutic add be pre- 
vented? 

1030. Whst does Sir'H. Davjr suppose muriatic add. to be ? 

i03X* Wl^ is oxy-muriatio add lately called cUoriiie ^ 



that if hydfogen gas and oxy-moriatie gas be mixed together, betk. 
these gases disappear, and muriatic acid gas is fonned. 

Emtkf. Tbat seems to be a complete proof; is h aot eomideied 
18 perfectly ccmclosive ? 

Afi^^. B, Not so decisiye as it appears at first si^ht ; becsose it is 
sfr^ued by those who still incline to the old doctrme, that muriatie 
acid gas, however dry it may be, always contains a oeitain quantity 
of watet, whi<^ is supposed essential to its Ibrmatbim. So that, in 
the experiment just mentioned, this water is supplied by the nnioi^ 
of the hydrogen gas with the oxygen of the oxy-muriatio acid ; iad 
therelbre the mixture resolves itsaf into the base of muriatic acid 
and water, that is, muriatic acid gas. 

Caroline. 1 think the old theory most be the true one ; for others 
wise bow could you explain the formation of oxy-muriatic gas, froiB 
a mixture of muriatic acid and oxvd of manganese ? 

Mrs, B, Very easily ; you need only suppose that in this process 
the muriatic acid is decomposed \ its hydrogen unites with Ihe 03^^ 
gen of the manganese to form water and the chknine appeals in its 
separate state. 

Emihf, But how can you explain the various combustions whick 
take place in oxy-muriatic gas, if you consider it as oontaining so 
oxygen? 

Mrs, B, We need only suppose that combustion is the result of 

intense chemical action ; * so that chlorine, like oxygen, in comr 

. bining with bodies, fonns compounds which have less capacity for 

Cleric than their constituent principles, and, therefore, calorie is 

evolved at the moment of their combmation. 

Emily, If, then, we may explain every thing by either theory, ta 
which of the two shall we give the preference ? 

Mrs, B. It will perhaps, be better to wait for more decisive 
proofs, if such can oe obtained, before we decide positively upon 
the subject. The new doctrine has- certainly gained ground v«ry 
rapidly, and may be considered as generally established ; but a few 
eompetent judges will refuse their assent to it, and until that theory 
is established beyond all doubt, it may be as well for us still oocsr 
sionajly to use the language to wbi<m chemists have lohg been 
accustomed. But let us prooeed to the examination of salts formed 
by muriatic add. 

Among the oompouad salts formed by muriatic add the muriai 
qf soda^ or common salt, is the most interesting. f The uses and pro^ 

* "Intense chemical action," ndtfaer explains the process, nor 
indeed conveys to the mind any defimte idea. The views of Sir 
H. Davy on the composition of chlorine, are combatted by many 
of the forst chemists m England, as well as in this country. This 
inquisitive reader may become acquainted vrith the grounds of dis- 
pute on both sides by referring to Cooper's edition of TiKHnpson'» 
chemistry. — C, 

t According to Sir H. Davy's view of the nature of the muriatir 
and oxy-^muriatic acids, dry muriat of soda is a compound of sodium 

1033. What are the reasoni for supposing that chlorine is not a sim- 
ple substance ? 

1033. How are the oombustioBs in ozy-mnriatte aoidezplslnedy if it 
does not contain oxygen ? 

1034. What is said on the subjeaiM the naff 
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jiwrti^Stef t^a salt ate too well known 4o Tenuire much &>vaD/w^. 
Besides the pleasant flavor it imparts to the food, it is very whole- 
tnm».ythea not .used to excess, as it assists ki the process of jdi^estion. 
Sea- water is the great source from whieh muriat of soda is exr 
'Iracted by ^evaporation. Bat it is also found in large soMd anasses 
m the bowels of the earth, in England, -and in many other pasts 
-of the w^Id. 

Emily. I thought that salts, when solid, were always in the state 
of ezystals; but, the common table salt is in the fbrm of a coarse 
-white powder. 

Mr?, B. Crystallization depends as you may recollect, on the slow 
and regular xe*union of partides dissolvedin a fluid; common sea- 
salt is only in a state of imperfect crystallization, beeanse the process 
-by which it is prepared is not^favorable to the formation of regular 
crystals. But if you dissolve it, and afterwards evaporate the water 
wwly, you vnll obtain a regular crystallization.. 

Muriat ofonmonia is another combination of this acid, which we 
ihave aiready mentioned as the principal souiee from which ammo^ 
niais derived. 

I can St once show you the formajtion of this salt by the lomiediate 
oomhination of muriatic acid with ammonia. These two glass jars 
C9ntain, the one muriatic acid gas, the other, ammoniacal gas, both 
of which are perfectly invisible — now, if I mix them together^ you 
see they immediately form an opaque white cloud, like smoke. If 
ir thermometer was placed in the jar in which these gases are mixed, 
yon would perceive that some heat is at the same time {)roduced. 

Emil^, The eflfects of chemical combinations are, indeed, won- 
derful! — ^How extraordinaury it is that two invisible bodies should 
become visible by their union ! 

Mrs, B, This strikes you with astonishment, because it is a phe- 
nomenon virfaich nature seldom exhibits to our view ; but the most 
common* of her operat'ons are as wonderful, and it is their fre- 
quency only that prevents otfr regarding them with equal admira- 
tion. What would be more surprising, for instance, than combus^ 
' tion, were it hot rendered familiar by custom } 

Endkf. That is true. But pray, Mrs. B., is this white cloud the 
salt that produces ammonia ? How different it is from the solid 
muriat of ammonia which you once showed us ! 

Mrs, B, It is the same substance, which first appears in the state 
of vapor, but will soon be condensed by cooling against the sides 
of the- jar, in the form of very minute crystais. 

We now proceed to the oxy-nmriats. In this class of salts the oay- 
fmmat of potash* is the most worthy of our attention, for its striking 

and chlorine, for it may be formed hj the direct combination of oxy- 
innriatic gas and sodium. In his opinion, therefore, what we com- 
monly cau muriat of soda, contains neither soda nor muriatic acid. 

• Oxy-muriat of potash is prepared by passing chlorine through a 
flolution of potash m water. The process is long and difllcult.— -C. 

1035. Wl^re is the muriat of seda obtained.' 

1036. On what does crystallization depend .' 

1037. Why is common salt in a state of imperfect ciTstallization ^ 
1098. Of what is tiie muriat of ammonia a combination ? 

1039. What two gases, when mixed, form muriat of ammonia .' 
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properties. The acid, in this state of comhination, contains a sdS 
greater proportion of oxygen than when alone. 

Carohne. But how can the o^-mnriatic acid acquire an increase 
of oxygen by combining with potash ? 

Mrs, B. It does not really acquire an additional quantity of 
oxygen, but it loses soi^e of the muriatic acid, which produces the 
same efiect, as the acid which remains is proportionably super-oxy- 
genated. 

If this salt be mixed, and merely vubbed together wkh sulphur, 
phosphorus, charcoal, or indeed any other conibustible, it explodes 
strongly. 

CaroU'M^ Like gun-powder, I suppose, it is suddenly couTerted 
into e^tic fluids I 

Mrs, B, Yes : but with this remarkable difSsrence, that no in- 
crease of temperature, any further than is produced by gentie fric- 
tion, is required in this instance. Can you tell me what gases are 
generated by the detonation of this salt with charcoal ? 

I^mbf, llet me consider The oxy-muriatic acid parts with 

its excess of oxygen to the charcoal, by which means it is converted 
into muriatic add sas; whilst the charcoal, being burnt by the 
oxygen, is changed to carbonic acid gas. What becomes of the 
potash I cannot tell. 

Mrs. B, That is a fixed product which remains in the yess^. 

Caroline. But since the potash does not enter into the new combi- 
nations, I do not understand what use it is in the operation. Would 
not the oxy-muriatic acid and the charcoal produce the same efieet 
without it?* 

'Mrs./B. No; because chlorine ^or oxy-muriatic acid) does not 
unite with charcoal, unless oxygen be added to it, and this oxygen 
is supplied by the potash. 

I mean to show you this experiment,^ but I would advise you not 
to repeat it alone ; for if care be not taken to mix only very saail 
quantities at a time, the detonation will be extremely violent, and 
may be attended with dangerous effects. You see I mix an exceed- 
ing small qaantity of salt with a little powdered charcoal, in this 
Wedgwood mortar, and rub them together with a pestle — 

Caroline. HesMrens! How can such a loud es^osi<Hi>be produced 
by so small a quantity of matterl 

Mrs. B. You must consider that an extremely small quantity of 
solid substance may produce a very great volume of gases ; and it 
is the sudden evolution of these which occasions the sound. 



• According to Sir H. Davy's new views, just explained, oxy- 
muriat of potash is a compound of chlorine with oxygen and oxyd 
of potassium. 

1040. What are the peculiar properties of ozy-munat of potash ? 

1041. Why will the ozy-muriat of potash explode if mixed and rubbed 
together with sulphur, phosphorus, charcoal, or any other combustible 
substance ? 

1042. What gases are generated by the detonation of this salt with 
charcoal? • 

1043. Whv would not the same effect be produced by the ozy-muri* 
atic acid and <5hareoal without the potash ? 
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jEbn^. Would not oxy-muiiat of potash make stronger gun- 
powder than nitrat of potash ? 

i(&5. B. Yes ; but the preparation, as well as the use of this sah, 
is attended with so much danger, that it is never employed for that 
purpose. 

Caroline, There is no cause to regret it, I think ; for the com- 
mon gun-powder is quite' sufficiently destructive. 

Mrs. B. I can show you a very curious experiment with this, 
salt ; but it must again be on condition that you will never attempt 
to repeat it by yourselves. I throw a small piece of phosphorus 
into this glass of water : then a little oxy-muriat of potash ; and 
lastly, I pour in, (by means of this funnel, so as to bring it in con- 
tact with the two other ingredients at the bottom of the glass) a 
small quantity of sulphuric acid — 

Caroline. This is indeed a beautiful experiment*! The phos- 
phorus takes fire and burns from the bottom of the water. 

Ermhf. How wonderful it is to see flame bursting out under 
water, and rising through it ! Pray, how is this accounted for ? 

Mrs. B. Cannot you find it out, Caroline ? 

JESrTitZy. Stop — ^I think I can explain it. Is it not*4)ecause the 
sulphuric acid decomposes the salt by combining with the potash, 
so as to liberate the oxy-muriatic acid gas by which the phosphorus 
is set on fire .' 

Mrs. B. Very well, Emily; and with a little more reflection yo»' 
lyould have discovered another concurring circumstance, which iSt 
that an increase of temperature is produced in the mixture of the 
sulphuric acid and water, which assists in promoting the combus-. 
tion of the phosphorus. 

I must, before we part, introduce to your acquaintance the newly 
discovered substance, lODurs, which you may recollect we placed 
next to oxygen and chlorine in our table of simple bodies. 

Caroline. Is this also a body capable of maintaining combustioa 
like oxygen and chlorine ? 

Mrs. B. It is ; and although it does not so generally disengajge 
light and heat from inflammable bodies, as oxygen and chlorine do, 
yet it is capable of combining with most of them ; and sometimes, 
as in the instance of potassium and phosphorus, the combination is 
attended with an actual appearance of li^ht and heat. 

Caroline. But what sort of substance is iodine ? what is its form 
and color ? 

Mrs. B. It is a very singular body in many respects. At the 
ordinary temperature of the atmosphere, it commonly appears in 
the form of bluish-black crystalline scales, such as you see in this 
tube. 

CaroUne» They shine like black lead, and some of the scales 
have the shape of lozenges. 

Mrs, B, That is actually the form which the crystals of iodme 

1044. From what may a stronger gun-powder than that now used be 
made ? 

1045. Why is it not used? 

1046. How may phosphorus be set on fire in water? 

1047. Why is this effect produced ? 

1048. How does iodine difier from oxygen and ohlorine ? 

1049. How does iodine appear? 
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flUen assume. But if we beat them gentiy by boldingf tbe tube ofer 
the flame of a candle, see what a change takes place in them. 

Caroline. How curious ! They seem to melt, and the tube im- 
ttiediately fills with the beautiful violet vapor. But look, Mrs. B., 
the same scales are now appearing at the other end of the tube. 

Mrs, B. This is, in fact, a sublimation of iodine, from one part 
<ti the tube, to another ; but with this remarkable peculiarity, that 
while in the gaseous state, iodine assumes that bnght violet color, 
which as you may already perceive, it loses as the tube cools, and 
the substance resumes its usual solid form. It is from the^olet 
oolor of the ffas that iodine has obtained its name. 

Caroline^ But how is this curious stibstanoe obtained ? 

Mrs. B. Ix is found in the ley of ashes, of sea-weeds, after the 
soda has been separated by crystallization ; and it is disengaged by 
means of sulphuric acid, which expels it from the alkaline ley in 
the form of a violet gas, which may be collected and condensed in 
the way which you have just seen. This interesting discovery was 
ttade in the year 1812, by M. Courtios, a manufacturer of saltpetre, 
at Paris. 

Caroline, ^nd pray, Mrs. B., what is the proof of iodine being 
a fiimple body ? 

Mrs. B. it is considered as a simple body, both because it is not 
capable of beins resolved into other ingredients ; and because it is 
itself capable of combining with other bodies, in a manner analo- 
gous to oxygen and chlorine. The most curious of these combina* 
ttons is that which it forms with hydrogen gas,' the result of which 
m a peculiar s^aseous acid. 

Caroline. Just as chlorine and hydrogen gas fonn muriatic add* 
In this respect chlorine and iodine seem to bear a strong analogy tQ 
each other. 

Mrs. B. That is indeed the case ; so that if the theory of the 
constitution of either of these two bodies be true, it must be true 
also in regard to the other ; if erroneous in the one, the theory 
■lust fall in both. 

But it is now time to conclude ; we have examined such of the 
4cids and salts as I conceived would appear to you most interesting. 
I shall not enter into any particulars respecting the metallic acids, 
lA they offer nothing sufficiently striking for our present purpose. 
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en TBX NATVIUB AK0 COHPOSITION OF YE«ETA.BIJI«. 

Mrs. B. We have hitherto treated only of the simplest combl- 
mtion of elementSi such 9» aJkalies, earths, acids, compound aalta» 

1060. How can you show the violet colored gas ? 

1051. From what does iodine obtiuo its nsme .' 

1062. How is iodine obtained ? 

1053. Why is iodine reckoned a simple body ? 

1064. In what respect do chlorine and iodine resemble each oth^r'- 

1066^ What are the simplest eombioatioiis of elements? 
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Stones, &o. all of which beV)Dg to the mineral kingdom. It is tuns 
now to turn our attention to a more complicated class of compounds, 
that of ORGANIZED BODIES, which will furnish us with a new 
source of instaruction and amusement. 

Unify, By organized bodies, I suppose you mean the Yeg[etablS 
and animal creation ? I have, however, but a very vague idea of 
the word organization^ but I have oflen wished to know more pre- 
cisely what It means. 

Mrs, B, Organized bodies are such as are endowed by nature 
with Yarious parts, peculiarly constructed and adapted to •perfonA 
•certain functions connected with life. Thus, you may observe, that 
mineral compounds are formed by the simple effect of imechanicai 
or chemical attraction, and may appear to some to be^^'in a great 
measure, the productions of chance : whilst organized bodies bear 
the most striking and impressive marks of design, and are emi- 
nently distinguished by diat unknown principle called lifcy from 
which the various organs derive the power of exercising their 
respective functions. 

Oxroline. But in what manner does life enable these organs to 
perform their several functions ? 

Mrs. B, That is a mystery which I fear is enveloped in suck 
profound darkness, that there is very little hopes of our ever being 
able to unfold it. We must content ourselves with examining the 
€fiect of this principle ; as for the cause we have been able omy to 
give it a name, without attaching any odier meaning to it than the 
vague and unsatisfactory idea of an unknown agent. 

Caroline, And vet I think I can form a very clear idea of life. 

Mrs, B, Pray let me hear how you would define it? 

Caroline, It is, perhaps, more easy to conceive, than to express- 
let me consider — la not Kfe the power whidi enables both the ani- 
tnal and the vegetable creation to perform the various functions 
which nature has assigned to them ? 

Mrs, B, I have nothing to object to your definition ; but you will 
allow me to observe, that you have only mentioned the effects which 
the imknown cause produces, without giving us any notion of the 
eause itself. 

EmUy^ Yes, Caroline, you ha^e told us what life does, but yoe 
have not told us what it is, 

Mrs. B, We may study its operations ; but we should puzzle 
ourselves to no purpose by attempting to form an idea of its real 
nature. ^ 

We shafl begin with examining its effects in the vegetable world, 
which constitutes the simplest class of organized bodies ; these we 
shall find distinguished from the mineral creation, not only by their 
more compticated nature, but by the power which they possess 
within themselves, of forming new chemical arrangements of their 
constituent parts, by means of appropriate organs. Thus, though 
^ vegetables are ultimately \;omposed of hydrogen, carbon, aind 
oxygen, (with a few other occasional ingre^ents,) they separate and 

■ .1 I I ■ ■ I ■ I I II I ■ I !■ I 11 — — ^i^O. 

1056. What aw orgaaiaed bodies ? 

1057. How do thejr differ from iwNqganic matter ? 

1058. What is life in its philosophical acceptation ? 

1059. What is the simplest class of organized bodies? 

1060. Of what Me vegetables mostly con^poaed? 
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combine these principles, by their Tarious organs, in a thousand 
ways, and form, with them, different kinds of juices and solid parts, 
which exist ready made in yegetables, and may therefore, ba con- 
sidered as their immediate materials. 

These are, 

S(Wy Resins f 

Amcdage, Gum Resins^ 

Sugar, Balsams, 

Fecula, Caoutchouc, 

. * Gluten, Extractive Coloring Matter, 

Fixed OH, Tannin, 

yilalile Oil, Woody Fibre, 

Carnphor, Vegetable Actds, &c. 

Caroline, What a long list of names ! I did not suppose that a 
veffetable was composed of half so many ingredients. 

Mrs, B, . You must npt imagine that every one of these materials 
is formed in each individual plant. I only mean to say, that they 
axe all derived exclusively from the vegetable kingdom. 

Emily, But does each particular part of the plant, such as the 
zoot, the bark, the stem, the seeds, anoLleaves, consist of one of theae 
mgredients only, or of several of them combined together ? 

Mrs, B, I believe there is no part of a plant which can be said to 
consist solely of any one particular ingredient ; a certam number of 
TBgetable materials must always be combined fer the formation of 
any particular pairt, (of a seed jfor instance,) and these combinations 
are carried on by sets of vessels, or minute organs, which select 
from other parts, and bring together the several principles required 
for the*developement and growth of those particular parts which 
they are intended to form and to maintain. 

Emily. And are not these combinations always regulated by the 
laws of chemical attraction? 

Mrs, B. No doubt ; the oi^ns of plants cannot force principles 
to combine which have no attraction for each other : nor can they 
compel superior attractions to yield to those of inferior power ; they 
probably act rather mechanically, by bringing into contact such 
principles, and in such proportions, as will, by their chemical com:- 
oination, form the various vegetable products. 

Caroline, We may then consider each of these organs as a curi- 
ously constructed apparatus, adapted for the performance of a variety 
of chemical processes. 

Mrs, B, Exactly so. As long as the plant lives and thrives, the 
carbon, hydrogen, and oxygen, (the chief constituents of its imme- 
diate materials,) are so balanced and connected together, that they 
are not susceptible of centering into other combinations; but no 
■ooner does death take place, than this state of equilibrium is de- 
stroyed and new combinations produced. 

' 1061. What are the mgredients of vegetables? 

1062. Ib it to be supposed that all these ingredients exist in a single 
vegetable ? 

1063. And does any ve^table or any part of one consist solely of a 
nngle one of these ingredients ? 

1064. By what are me combinations in the vegetable kingdom regu- 
lated? 

1065. How may the organs of plants be considered ? 
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. Emify, But why should death destroy j^ for these princiDles must 
remain in the same proportions, and consequently, I shoulo suppose 
in the same order of attractions ? 

Mrs. B. You must remember, that in the vegetable, as well as in 
the animal kingdom, it is by the principle of life that the organs are 
enabled to act ; wheo deprived of that agent or stimulus, their power 
ceases, and an order of attractions succeeds, similar to that which 
would take place in mineral or unorganized matter. 

Emily. It is this order of attractions, I suppose, that destroys the 
organization of the plant afler death ; for if uie same combinations 
still continued to prevail, the plant would always remain in the state 
'n which it died. 

Mrs. B. And that, you know, is never the case ; plants' may be 
partially preserved for some time after death, by dryii;ig ; but in the 
natural course of events they all return to the state df simple ele^ 
ments ; a wise and admirable dispensation of Providence, by which 
dead plants are rendered fit to enrich the soil, and become subser- 
vient to the nourishment of living vegetables. 

Caroline. But we are talking of the dissokitlon of plants, before 
we have examined them in their living state. 

Mrs. B. That is true, my dear. But I wished to give you a gen- . 
eral idea of the nature of vegetation, before ve ei^fed into par- 
ticulars. Besides, it is not so irrelevant as you suppose to talk of 
vegetables in their dead state, since we cannot analyze them withr 
out destroying life ; and it is only by hastening to submit them to 
examination, immediatdy afler they have ceased to live, that we 
can anticipate their natural decomposition. There are two kinds 
of analysis of which vegetables are susceptible ; first, that which 
separates liiem into their immediate materials, such as sap, resin, 
mucilage, &c^ ; secondly, that which decomposes them into their 
primitive elements, as carbon, hydrogen, and oxygen. 

EmUy^ Is there not a third kind of analysis of plants, which con^ 
laosts in separating their various parts, as the stem, the leaves, and 
the several organs of the flower? 

Mn, B, That, my dear, is rather the department of the botanist; 
we shall consider these different parts of plants only, as the organs 
by which the various secretions or separations are performed ; but 
we must first examine the nature of these secretions. 

The sap is the principal material of vegetables, since it contains 
the ingredients that nourish every part of the plant. The basis of 
this juice, which the roots sack op Hrom the soil, is water ; this holds 
in solution the various other ingredients required by the several 
parts of the plant, which are gradually secreted from the sap by the 
dififerent organs appropriated to that purpose, as it passes them in 
circulating through the plant 

Mucus or mudlagef is a vegetable substance, which, like all th^ 

^ 1066. Why ahoald death destroy vegetable combinations ? 
' l(J($7. What is an admirably wise dispensation of Providence in !•- 
jgud to the nature of plants? 

1068. Of how many kinds (^analysis axe vegetables sosceptiblfl? 

1069. What is the fint? 

1070. What is the second .' 

^ 1071. What is the principal material of vegetables? 
1072. What is the bads of this juice? . . > 

2f 
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others is seoMrtdt from the «^p ; when in excess, ft exudes from the 
tirees, in the form of gum/ * 

Caroline. Is that the gam so frequently used instead of paste at 
glae ? 

Mrs. B. It is : almost all frait trees yield some sort of gmn, hut 
that most commonly used in the arts is obtained from a species of 
acacia-tree in Arabia, and is called gum arcAic; it forms the chief 
nonrishment of the natives of those parts, who obtain it in great 
quantities from incisions which they make in the trees ? 

Cardline. I did not know that gum was eatable, 

Mrs. B. There is an account of a whole ship's company being 
saved from starving, by feeding on the cargo, which was gam sea- 
egal. I should not, however, imagine, that it would be either a 
pleasant, or a particularly eligible met to those who have not, from 
their birth, been accustomed to it. It is, however, frequently taken 
medicinally, and considered as very nourishing. Several kmds of 
vegetable acids ma^r be obtained, by particular processes, from gum 
or mucila^, the principle of which is called the mucous acid. 

8u^ar IS not found in its simple state in plants, but is always mix- 
ed with gum, sap, or other ingredients ; this saccharine matter is to 
be met with in every vegetable, but abounds most in roots, fruits, 
and particularlv in the sugar cane. 

iSnihf. If all vegetables contain sugar, why is it extracted exeltt^ 
■ively Rom the sugar-cane ? 

Mrs. B. Because it is both most abundant in that plant, and 
most easily obtained from it. Besides, the sugars produced by oth- 
er vegetables differ a little in their nature. 

During the late troubles in the West Indies, when Europe was 
but imperfectly supplied with sugar, several attempts were made 
to extract it from otner vegetables, and very good sugar is obtained 
from parsnips and from carrots ; but the process was too expensive 
to carry this enterpria^ to any extent. 

Caroline^ I should think that sugar might be more easily obtain* 
9d from sweet fruits, such as figs, dates, &c, 

JIfr*. B. Probably ; but it would be still more expensive, from 
the high price of those fruits, and it would not be exactly like com* 
mon sugar.* 

Ikru^. Pray, in what manner is sugar obtained from the sugaiw 
cane? 



*Some foreign chemists TMM. Kirkoff, Braconnot, &e.) have 
jfound that if starch be boiled for a long time in water containing 
one fortieth part of sulphuric acid, and evaporated down to a certain 
consistence, the solution of starch concretes, in coolin? , into a solid 
brownish mass, which has the taste and other general properties of 
BQgar. Paring this process, no gas is disengaged, and the add i$ 
not decomposed. 
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1073. What is the mucilage of vegetables ? 
lifH. What uses are made of mucilage or gum ? 
1075. In what state -does sugar naturally exist? 
1070. In what does it mostly abound f 

1077. If it is faoxA in all vegetables, why is it extn«ted from sogar 
only? 
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JUA'^. B, The jnlee of this pknt is first exj^ressed by passing H 
between two cyhnders of iron. It is then boiled with lime watery 
whieh makes a thick scum rise to the surface. The clarified liquor 
JA let off below, and evaporated to a very small quantity, after 
which it is suffiired to crystallite by standing in a vessel, the bottom 
of which is perforated with holes, that are imperfectly stopped in 
order that the syrup may drain ofi'. The sugar obtained by this 
process is a coa^e, brown powder, commonly called raw or moist 
Hagar ; it undergoes another operation US be refined and convened 
Into loaf sugar. For this purpose it is dissolved in water, and af* 
terwards purified by an animal fluid called albumen. White of eggs 
ahiefly consists of this fluid, which is also one of the constituent part3 
of blood : and consequently eggs, or bollock's blood, are commonly 
«sed for this purpose. 

The albumimous fluid being diffused through the syra|>, combines 
with all the solid impurities contained in it, and rises with them to 
the surface, where it forms a thick scum ; the clear liquor is then 
again evaporated to a proper consistence, and poured into mouldci 
in which, by a confused crystallization, it forms loaf i^ugar. But an 
additional process is required to whiten it : to this efiect, the mould 
is inverted, and its open base is covered with clay, through which 
water is made to pass ; the water slowly trickling tbrough.the sugar, 
combines with and carries oflfthe coloring matter. 

Caroline* I am very glad to h£ar that the blood that is used to 
purify sugar ^oes not ren^ain in it ; it would be a disgusting idea. 1 
nave heard of some improvements by the late Mr. Howard, in the 
process of refining sugar. Pray what are they ? 

Mrs. B, It would be much too lohg to give you an account of the 
process in detail. But the principal improvement relates to the mode 
of evaporating the sjrrup in order to bring it to the*- consistency of 
sugar. Instead of boiling the syrup in a large copper, over a strong 
fire, Mr. Howard carries ofi* the water by means of a large air pump, 
in a way similar to that used in Mr. Leslie *s ei^periment for freezing 
water by evaporation ; that is, the syrup being exposed to a vacuum, 
the water evaporates quickly, with no gTea.ter heat than that of a lit^ 
tie steam, which is introduced round the boiler. The air pump is of 
course of large dimensions, and is worked by a steam engine. A 
great saving is thus obtained and a striking instance afforded of the 
power of science in suggesting useful economical improvements. 

SMy, Aod pray, how are sugar candy and barley sugar prepare 
6di 

Mrs, B' Candied sugar is nothing more than the regular crystals, 
obtained by slow evaporation from a solution of sugar. Barley-r 
su^ is sugar melted by heat, and afterwards cooled in moulds of a 
spiral form. 

Sugar may be decomposed by a red heat, and, like all other veg-^ 

etable substances, resolved into carbonic acid and hydrogen. The 

formation and the decomposition of sugar, afford many very inter* 

esting particulars, which we shall fully examine aflor having gone 
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1078. In what manner is sugar obtained from sugar-^ane? 
. 1079. How is sagar refined or converted into loaf su^ar^' 

1080. What is Mr. Howard's improvement for refining sugar f 

1081. How is sugar candy and barley siigar pfepared I 
X068..IIiMr.taa^ sogsr be deeoflBposed, awl wkal k tha p««Auflli 
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throQgh the other materials of vegqtlihles. We shall find that there 
is reason to suppose that sugar is i|Dt like the other materials, se- 
creted from the sap b^ appropriate organs ; but that it is formed by 
a pecoliai process, with which you are not yet acquainted. 

Caroline. Pray, is not honey of the same nature as sugar ? 

Mrs. B. Honey is a mixture of saccharine matter and gum. 

Emihf. I thought that honey was in some measure an animal sab* 
stance, as it is prepared by the bees. 

Mrs. B, It is rather collected by them from flowers, and oonyeyed 
to their store houses, the hives. It is the wax only that undergoes 
a real alteration in the body of the bee, and is thence converted into 
an animal substance.* 

Manna is another kind of sugar, which is united with a nauseous 
extractive matter, to which it owes its peculiar taste and color. It 
exudes like gum from various trees in hot climates, some of which 
have their leaves glazed by it. 

The next of the vegetable materials is fecula; this is the ffenenl 
name given to the farmaceous substance contained in all seeds, and 
in some roots, as the potatoe, parsnip, &c. It is intended by natiiie 
for the first aliment oi the young vegetable ; but that of one partic- 
ular grain is become a favorite and most common food of a large 
part of mankind. 

Emily. You allude, I suppose, to bread, which is made of wheat 
flour ? 

Mrs. B. Yes ; the fecula of wheat contains also another vegeta^ 
ble substance which seems peculiar to that seed, or at least has not 
as yet been obtained from any other. This is gluten^ which is of a 
sticky, ropy, elastic nature ; and it is supposed to be owing to the 
viscous qualities of this substance, that wheat flour forms a much 
bettor paste than any other, 

JSinuy. Gluten by your description, must be very like gum ? 

Mrs. B. In their sticky nature, they certainly have some resem- 
blance : but gluten is essentially different from gum in other points, 
and especially in its being insoluble in water, whilst gum, yoa 
know, IS extremely soluble. 

The oils contained in vegetables, all consist of hydrogen and car- 
bon in various proportions. They are of two kinds, fixed and vola- 
tile^ both of which we formerly mentioned. , Do you remember in 
what the difl^erence between fixed and volatile oils consists ? 

E}mily, If 1 recollect rightly, the former are decomposed by heat, 
whilst the latter are merely volatilized by it. 

* It was the opinion of Huber, that the bees prepared their wax 
from honey and sugar. There is, however, found on the leares of 
some plants, a substance, having all the properties of wax ; and 
that bees-wax itself is not an animal substance, is dear from its 
analysis. — C. 

1083. Of what does honey consist? 

1084. What is said of the wax of bees? 

1085. What is manna > 

1086. What is the feeola of vegetaldes ? 

1087. What is gluten? 

. 1088. How does gluten diifer from gam ? 
1089. Of what do wgetable oils consist ? 
IWO. What is the difieMause betweM fizsd wd Tolidite «tof 
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Mrs: B* Very well. Fixed ^1 is contained only in the seeds of 
plants, excepting in the olive, in M^hieh it is produced in, and ex- 
pressed from the frait. We havd! already observed that seeds con- 
tain also fecula ;- these two substancte, united with a little mucilage, 
form the white substance contained in the seeds or kernels of plants, 
and is destined for the nourishment of the young plant, to which the 
seed gives birth. The milk of almonds, which is expressed from 
the seed of that name, is composed of those three substances. 

Emify. Pray, of what nature is the linseed oil which is used in 
painting? 

Mrs. B, It is a fixed oil, obt^ned from the seed of flax. Nut 
oil, which is frequently use<f for the same purpose, is expressed 
from walnuts. 

Olive oil is that which is best adapted t« culinary purposes. 

Caroline, And what are the oils used for burning ? 

Mrs. B. Animal oils, most commonly; but the preference given 
to them is owing to their being less expensive ;* for vegetable oils 
bum equally well, and are more pleasant, as their smell is not 
offensive. 

Emih/.' Since oil is so good a combustible, what is the reason 
that lamps tio frequently require trimming ? 

Mrs. B. This sometimes proceeds from the construction of the 
lamps, which may not be sufficiently favorable to a perfect com- 
bustion ; but there is certainly a defect in the nature of oil itself, 
which renders it necessary for the best constructed lamps to be oc- 
casionally trimmed. This defect arises from a portion of mueilage 
which it is extremely difficult to separate from the oil, and which 
being a bad combustible, gathers round the wick, and thus impedes 
its combustion, and consequently dims the light. 

Caroline. But will not oils bum without a wick ? 

Mrs. B: Not unless their temperature be elevated to five or sis 
hundred degrees ; the wick answers this purpose, as I think I once 
before explained to you. The oil rises between the fibres of -the 
cotton by capillary attraction, and the heat of the burning wick 
volatilizes it, and brings it successively to the temperature at which 
it is combustible. 

JEhiily. I suppose the explanation which you have given with 
regard to the necessity of trimming lamps, applies also to candles, 
which so often require snuffing ? 

Mrs. B. I believe it does ; at ieast in some degree. But besides 
the circumstances just explained, the common sorts of oil are not 
very highly combustible, so that the heat produced by a candle, 
which is a coarse kind of animal oil, being insufficient to volatilize 
them completely, a quantity of soot is gradually deposited on the 
wick, which dims the light, and retards the combustion. 

Caroline. Wax candles, then, contain no incombustible matter, 
since they do not require snuffing ? 

1091. From what part of plants are fixed oils obtained ? 

1092. From what w linseed oil obtained? 

1093. What oils are best for burning ? 

1094. Since oil is a good combustible, what is the reascm that lamps 
require so frequent trimming ^ 

1095. What is the use of wicks in lamps ? 

1096. Why do candles more than lamps require trimming ? 
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Mrsu B. Wax 18 a much better eombustible than taUow, bwtttOi 
not peifectly so, since it likewise contains some particles that an 
unfit for baming ; but when these gather nrand the wick, (whiek 
in a wax liffht is comparatively smul,) they weigh it down on one 
aide, and ML off together with the burnt part of the wiek. 

CaroUne, As oils are such good combustibleSi I wonder that they 
idiould require so great an elevation of temperature before ihey 
begin to burn ? 

Mrs, B, Though fixed oils will not enter into actual combustioii. 
Below the temperature of about four hundred degrees,* yet they 
will slowly absorb oxygen at the common temperature of the atmos- 
phere. Hence arises a variety of changes m oils which modify 
their proi>erties in the arts. 

If oil simply absorbs and combines with oxygen, it thickens and 
changes to a kind of wax. This change is ob^rved to take place 
on the external parts of certain vegetables, even during their life, 
but it happens in many instances that the oil does not retain all the 
oxyffen which it attracts, but that part of it combines with, or bume 
the hydrogen of the oil, thus formuig a quantity of water, which 
mduaUy goes off by evaporation. In this case, the alteration of 
uie oil consists not only la the addition of a certain quantity of 
oxygen, but in the diminution of the hydrogen. These oils are 
dtstinguished by the name of drying oils, Lipseed, poppy, and nat 
oils, are of this description. 

Enubf, 1 am well acquainted with drying oils, as I continually 
vse them in painting. But I do not understand why the acquisitioB 
of oxygen on one hand, and the loss of hydrogen on the other, 
diould render them drying. 

Mrs, B, This, I conceive, may arise from two reasons : either 
from the oxygen wbioh is added bleing less favorable to the state of 
fluidity than the hydrogen, which is subtracted ; or from this ad- 
ditional quantity of oxygen giving rise to new combinations, in 
oonsequence of which the most fluid paita of the oil are liberated 
and volatilized. 

For the purpose of painting, the drying quantity of oil is further 
increased, oy adding a quantity of oxyd of lead to it, by which 
means it is more rapidly oxygenated. 

The rancidity of oils is likewise owing to their oxygenation. In 
this case, a new order of attraction tal^ place, from which a pe» 
culiar a<^ is formed, called the sebadc add. 

Caroline. Since the nature and composition of oil is so weU known, 
pray, oould not oil be actually made, by combining its principles ? 

* This statement is too low. None of the fixed oils boil at a less 
temperature than GOO degrees, nor will they bum until converted 
into vapor ; consequently they cannot bum at a lower temperature 
than 600.— O. 



1097. Why are wax better than tallow candles.^ 
1096. What eleyation of temperature is necessary in order to bora 
oil .^ 
W99. What are the principal drying oils ? 

1100. Why will the oxyd of lead increase the drying quality ef oilsl 

1101. To what is the rancidity of oil owing f 
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M«. 3, That fs hj no means a neeesaary eonsequeiHw; ftr 
fieie are kiBmiiMrafole yarieties of compoand liodies which we can 
deoorapose, idthough we are unaUe to reunite their ingredlentB. 
Tliis, however, is not the ease with oil, as it haa very lately been 
discovered that it is possible to form oil by a pectdiar process, from 
*he action of oxygenate<) muriatie gas on hydro-carbonate.* 

We now pass to the volatHe or essential oils. These form tiie 
basis of all the vegetable perfumes, and are contained, more or less, 
m every part of the plant accepting the seed ; they are, at least, 
sever round in that part of the seed which contams the embryo 
plant. 

Entify. The smell of flowers, then, proceeds from volatile oil ? 

Mrs. B. Certainly ; but this oil is often most abundant in the 
nnd of fruits, as in oranges, lemons. Sic, from which it may be 
extracted by the slightest pressure ; it is found also in the leaves of 
l^aats^ and even in the wood. 

Ckiroline. Is it not very plentiful in the leaves of mint, and of 
tiiyrae, and all the sweet smelling herbs ? 

Mrs, B. Yes : remarkably so ; and in geranium leaves also, which 
have a much more powerful odor than the flowers. 

The perfumes of sandal fans is an instance c^ its existence in 
wood. In short, all vegetable odors or perfumes are produced by 
the evaporation of particles of these volatile oils. 

Enufy, They are, I suppose, very Ught, and of very thin consis- 
iBooe, since they are volatue ? 

ill Mrs, B, They vary very much in this respect, some of them being 
aa thick as butter, whilst others are as flaid as v^ter. In order to 
be prepared for perfumes, or essences, these oils are first properly 
purified, and then, either distilled with spirit of wine, as is the case 
with lavender water, or simply mixed with a large proportion of 
water, as is often done with regard to peppermint. Frec^uentlyy 
aJso, these odoriferous waters are prepared merely by soaking the 
^ants in water, and distilling. The water then comes over im<- 
pregnated with the volatile oil. 

. Carehne. Such waters are frequently used to take spots of grease 
oot of cloth, or silk : how do they produce that effect. 
' Mrs,B, By combining with the substance that forms these stains; 
for volatile oils, and-likewise the spirit in which they are distilled^ 
will dissolve wax, talldw, spermaceti, and resiles ; if, therefore, the 

* Hydro-carbonate, is also called okfiant or oU making gas, on 
aeeoont of the supposed property here m^itioned. But later ex- 
periments have shown that tne substance it forms with chlorine, in 
not an <^, but a kind of ether, henee it is now known under the 
name of cklaric ether, — C. 



1109. Is there any known method of making oil by combining ite 
prinoiplet ? 

1103. What forms the basis c^ vegetable perfruces? 

1104. In what part of the plant are the volatile or esaential oils eon* 
tained.^ 

1106. From what proceeds the smeU of flowers ? 

1106. How are volatile oils obtained? 

1107. Why will water miied with vegetable oik SMist in leaMtittg 
spots of grease from oloth? 
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■pot pioeeeds from any of those sabstaiioes, it wfSL lemoveit 
Insects of every kind iave a great aversion to perfumes, so that 
▼olade oils are employed with saccess in mnseoms for the preser- 
▼ation of staffed birds and other species of animals. 

Carohne. Pray, does not the powerful smell of camphor proceed 
from a volatile ou ? 

jlfi^. B. Camphor seems to be a substance of its own kind, re- 
ma^able by many peculiarities. But if not exactly of the same 
nature as volatQe oil, it is at least very analogous to it. It is 
obtained chiefly from the camphor tree, a species of laurel which 
grows in China, and in the Inman isles, from the stem amd roots of 
which it is extracted.* Small quantities have also been distilled 
from thyme, sage, and other aromatic plants ; and it is deposited 
in pretty large quantities by some volatile oils after long standing. 
It is extremely volatile and inflammable. It is insoluble in water» 
but is soluble in oils, in which state, as well as in its solid form, it is 
frequently applied to medidnai purposes. Amongst the particular 
properties of camphor, there is one too singular to be passed over 
m silence. If you take a small piece of camphor, and place it on 
the surface of a basin of pure water, it will unmediately begin to 
move round and round with great rapidity ; but if you pour into the 
basin a single drop of any odoriferous fluid, it will instantly put a 
stop to this motion. You can at any time try so simple an experi- 
ment ; but you must not expect that I ^all be able to account for 
the phenomenon, as nothing satiB£u;tory has as yet been advanced 
for its explanation. 

CaroUne. It is very singular indeed ; and I will certainly make 
the experiment. Pray, what are resinSf which you just now men- 
tioned ? 

Mrs. B. They axe volatile oils, that have been acted on, and 
peculiariy modified, by oxygen. 

Caroline, They are, therefore, oxygenated volatile oils ? 

Mrs. B. Not exactly ; for the process does not appear to consist 
so much in the oxygenation of the oil, as in the combustion of a 
portion of its hydrogen, and a small portion of its carbon. For 
when resins are artificiallj made by the combination of volatile oils 
with oxygen, the vessel m which the process is performed is be- 
dewed with water, and the air included within it is loaded witii 
carbonic acid. 

Entity. This process must be, in some respects, similar to that 
for preparing dr^qng oils ? 

Mrs. B. 1 es ; and it is by this operation that both of them ao- 
qnire a great degree of consistence. Pitch, tar, and turpentine, 
are the most common resins ; they exude from the pine and fir trees. 

* Camphor comes chiefly from Japan. It is obtained by distilling 
the wooa of the Umrus' camphora, or camphor tree, v^th water, in 
large iron pots, vnth earthen caps stuflfed with straw. The cank- 
phor sublimes and concretes upon the straw. — C. 

.- 1108. From what is camphor obtained } 

1109. Is camphor obtained in other plants } 

1110. What is the method if aUaumig it f 

1111. What remarkable pecuUarity has camphor? 

1112. What are muns' 
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Copal, mastic ari firankinceiuse, are also of this class of vegetable 
sunBtances. 

EmUv, la it of these resins that the mastic and copal yarnishes 
so much ased in painting are made ? 

Mrs. B, Yes. Diasdved either in oil or in alcohol, resins form 
▼amishes. From these solutions i\iej may be precipitated by wa- 
ter, in which they are insoluble. This I can easily show you. If 
you will pour some water into this glass of mastic varnish, it will 
combine with the alcohol in which the resin is dissolved, and the 
latter will be precipitated in the form of a white cloud. 

EmuJy, It is so. And yet how is it that pictures or drawings, 
▼amished with this solution, may safely be washed with water ? 
^ Mrs. B* As the yarnish dries, the alcohol evaporates, and the 
dry varnish or resin which remains, not being soluble in water, wiH 
not be acted on by it. 

There is a class of compound resins, called gum resins y which are 
precisely what their name denotes, that is to say, resins, combined 
with mucilage. Myrrh and assafoetida are of this description. 

CkiroUne. Is it possible that a substance of so dLsagreeable a 
smell as assafcetida can be formed from a volatile oil ? 

Mrs. B. The odot of volatile oils is by no means always grateful. 
Onions and garlics derive their smell u-om volatile oils, as well as 
roses and lavender. 

Thwe is still another form under which volatile oils present them^ 
selves, which is that of balsams. These consist of resinous juices 
combined with a peculiar acid, called the beazoic acid. Balsams 
appear to have been originally volatile oils,"*^ the oxygenation of 
which, has converted one part into a resin, and the other part into 
antacid, which combined together, form a balsam; such are the 
balsams of Peru, Tolu, &c 

We shall now take leave of the oils and their various modifi- 
cations, and proceed to the next vegetable substance which is 
caoutchouc. This is a white, milky, glutinous fluid, which acquires 
consistence and blackens in drying, in which state it forms the 
substance with which you are so well acquainted^ under the name 
of gum elastic. 

Caroline. I am surprised to hear that gum elastic was ever white, 
4a ever fluid ! And nrom what vegetable is it procured? 

Mrs. B. It is obtsuned from two or three £flerent species of trees 
in the East Indies, and South America, by making incisions in the 
stem. The juice is collected as it trickles from these incisions, and 
moulds of clay, la the form of little bottles of gum elastic, are dipped 

* This IS an erroneous idea. Balsams are original and peculiar 
substances, and consist chiefly of resinous matter in a semi-fluid 
state. The benzoic acid is most probably formed during the pro- 
cess by which it is obtained.— C. 

1113. What are the most common resins ? 

1114. Of what are mastic and copal varnishes made ? 

1115. What will be the consequences if water be poured into a Teasel 
«Qntaininff mastic varnish ? 

1116. What are gum resins ? 

1117. What are balsams.^ 

1118. From what is caoutchouc obtauied t 

1119. What are its uses ? 

88 
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into H. A lajer of this jaiee adheres to the el&y ftod dries on k ; 
and aeveral layers are successively added by repeating this till the 
bottle is of snfficient thickness. It is then beaten to break down 
the clay which is easily shaken out. The natives of the countries 
where this substance is produced, sometimes make shoes and boots 
of it by a similar process, and they are said to be extremely P^as-' 
ant and serviceable, both from their elasticity, and their being 
water-proof. 

The substance which comes next in our ennmeiation of the im- 
mediate ingredients of vegetables^ is eiiractive matter. This is a 
term which, in a general sense, may be applied to any substance 
extracted from vegetables, but it is more particolarly understood 
to relate to the extractive coloring^ matter of plants. A great variety 
of colors are prepared from the vegetable kingdom, both for the 
purposes of painting and of dying ; all the colors called lakes are 
of inis descnption ; but th^ are less durable than mineral colors, 
lor by long exposure to the atmosphere, they either darken or turn 
yellow. 

Emily. I know that in painting the *lakes are reckoned far less 
durable colors than the ochres ; but what is the reason of it ? 

Mrs, B. The change which takes place in vegetable colors is 
owing chiefly to the oxygen of the atmosphere slowly buniing their 
hydrogen, and leaving in some measure, the blackness of the car- 
bon exposed. Such change cannot take place in ochre, which is 
altogether a mineral substance. 

"Vegetable colors have a stronger affinity for animal than for 
Tegetable substances ; and this is supposed to be owing to a small 
quantity of nitrogen, which they contain. Thus, silk and worsted, 
will tase a much finer vegetable dye than linen and cotton. 

Caroline, Dying, then, is quite a chemical process ? 

Mrs. B. Undoi3)tedly. The condition required to form a good 
dye is, that the coloring matter should be precipitated, or fixed, on 
the substance to be dyed, and should form a compound not soluble 
in the liquids to which it would probably be exposed. *Thus, fi)r 
instance, printed or dyed linens or cottons must be able to resist 
the action of soap and water, to which they must necessarOy be 
subject in washing ; and woollens and silks should withstand the 
action of grease and acids, to which they may accidentally be 
exposed. 

Caroline. But if hnen and cotton have not a sufficient affinity for 
coloring matter, how are they made to resist the action of washings 
which they always do when they are well printed ? 

Mrs. B. When the substance to be dyed has either no affinity 
for the coloring matter, or not sufficient power to retain it, the com- 
bination is effected or strengthened, by the intervention of a third 
substance called a mordant or basis. The mordant must have a 



1130. What IB the extractive matter of vegetables ? 
J 1*^1. What aie the colors prepared from vegetables ? 
1122. To what is the change which takes place in vegetable colon 
owmg ? 

11 &. Why have vegetable colors a stronger affinity for *iM»pitl than 
fir vegetable substances .' 

1 124. IV hat is necessary that vegetable colors be durable ' 

1125. What are mordants and their uses? 
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t/ttong affiaUy both for the eoloriag matter and the sohstanee dyed> 
by which means it causes them to combine and adhere together. 

Caroline. And what are the substances that perform tli^ (^ce of 
thus reconciling the two adverse parties ? 

Mrs. B. The n^osl common mordant is sulphat of alumine, or 
alum. Oxyds of tin and iron in the state of compound salts, are 
likewise used for that purpose. 

Timmn is another Vegetable ingredient of great importance in the 
arts. It is obtained chiefly from the bark of trees ; but it is found 
also in nut galls, and in some other vegetables. 

Emily. Is that the substance commonly called tan, which is used 
in hot-houses? 

Mrs. B. Tan is the prepared bark in which the peculiar sub- 
stance, tannin, is contained. But the use of tan in hot-houses is of 
pmeh less importance than the operation of tanning, by which skin 
is converted into leather. 

JBmib/. Pray, how is this operation performed ? 

Mrs. B. Various methods are employed for this purpose,' which 
all consist in exposing skin to the action of tannin, or of substances 
containing this principle in sufficient quantities, and disposed to 
yield it to the skin. The most usual way is to infuse coarsely 
powdered oak bark in water, and to keep the skin immersed in this 
mfusion for a certain length of time. During this process, which 
is slow and gradual, the skin is found to have increased in weight, 
and to have acquired a considerable tenacitv and unpermeability to 
water. This effect may be much accelerated by using strong satu- 
rations of the tanning principle, (which .can be extracted from bark) 
instead of employing the bark itself. JBut this quick mode of pre- 
paration does not appear to make equally good leather. 

Tannin is contamed in a great variety of astringent vegetable 
substances, as galls, the rose tree, and wme ; but it is nowhere so 
plentiful as in bark. All these substances yield it to water, from 
which it may be precipitated by a solution of isinglass or glue, with 
which it strongly unites, and forms an insoluble compound. Hence 
its valuable property of combining with skin (which- consists chiefly 
of glue,) and of enabling it to resist the action of water. 

ErnUy. Might we not see that effect by pouring a little melted 
isinglass into a glass of wine, which you say contains tannin } 

Mrs. B. Yes. I have prepared a solution of isinglass for that 
very purpose. Do you observe the thick, muddy precipitate ? That 
is the tannin combined with the isinglass. 

Caroline. This precipitate must then be of the same nature as the 
leather I ^ 

Mrs. B. It is composed of the same ingredients ; but the organi- 
zation and texture of the skin being wanting, it has neither the 
consistence nor the tenacity of the leather. 

1126. What substances are commonly used as mordants? 

1127. From what is tannin obtained? 
112d. Whftt are its uses.^ 

1129. What is the process of converting skins into leather, by the 
Tise of tanning ? 

1130. Why does tanning cause skins on being changed to leather^ to 
be impervious to water ? 

1131. How does a solution of isinglass in water differ from leather ^ 
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Caroline, One might sappose that men who drink large quanli- 
ties of red wine, stand a chance of having the coats of their stom- 
achs converted into leather, since tannin has so strong an affinity 
for skin. 

Mrs, B. It is not impossihle but that the coats of their stomachs 
nay be, in some measure, tanned mr hardened by the constant use 
of this liquor ; but you must remember that where a number of 
other chemical agents are concerned, and above all, where life ex- 
ists, no certain chemical inference can be drawn. 

I must not dismiss this subject, without mentionkig a recent dis- 
eovery of Mr. Hatchett, which relates to it. This gentleman feund 
that a substance very similar to tannin, possessing all its leading 
properties, and actually capable of tanning leather, may be produ- 
ced by exposing carbon, or any substance containing carbonaceous 
matter, whether vegetable, animal, or minerkl, to the action of ni- 
tric acid.* 

CaroliTie. And is not this discovery likely to be of use to manu-^ 
fectures ? 

Mrs. B. That is very doubtful, because tannin thus artiiicialhr 
prepared, must prebably always be more expensive than that which 
is obtained from bark. But the fact is extremely curious, as it a^ 
ferds one of those very rare instances of chemistry being able to 
imitate the proximate principles of organized bodies. 

The last of the vegetable materials is woody fibre — ^it is the hard- 
est part of plants. Tl^e chief source from which this substance is 
derived, is wood, but it is also contained, more or less, in every solid 
part of the plant. It forms a kind of skeleton of the part to which 
It belongs, and retains its shape after all the other materials have 
disappeared. It consists chiefly of carbon united with a small poz^ 
tion of salts, and the other constituents common to all vegetables. 

Emily, It is of woody fibre, then, that the common charcoal is 
nade ? 

Mrs. B. Yes. Charcoal, as you may recollect, is obtained from 
wood by the separation of all its evaporable parts. 

Before we take leave of the vegetable materials, it will be proper 
at least to enumerate the several vegetable acids which we either 
have had or may have occasion to mention. I believe I formerly 
told you that their basis or radicle, was uniformly composed by hy- 
drogen and carbon, and that their difference consisted only in the 
various proportions of oxygen which they contained. 

*To make artificial tannin, Mr. Hatchett used 100 grains of char- 
coal with 500 of nitric acid, diluted with twice its weight of water. 
This mixture was heated, and then sufiered to digest lor two days ; 
more acid was then added, and the digestion continued until the 
charcoal was dissolved. This solution being evaporated to dryness^ 
leaves a dark brown mass. This is the tannin in question. Its 
taste is bitter, and highly astringent, — C. 
— - - ■ . ■ - 

1132. What discovery was made by Mr. Hatchett? 

1133. How did he prepare artificial tatminf 

1134. What is wood^ fibre ? 

1135. Of what does it chiefly consist.^ 

1136. From what is charcoal made ^ 
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' The foUowin^ are the names of the vegetaUe acids *, 
The Muana acid, obtained from gam or mudlagfe ; 
Suberic^ ** from cork; 

Ca:nphoric, " from camphor ; 

Benzoic f << from balsams; 

. GaiUCf " from galls, bark, &c, ; 

Malic, " from ripe fruits ; 

Citric, " from lemon juice ; 

Oxalic, " from sorrel ; 

Succinic, ^^ from amber; ' 

Tartarous, " from tartrit of potash ; 

Acetic, " from vinegar. 

They are all decomposable by heat, soluble in water, and turn veg- 
etable blue colors red. The succinic, the tartarous, and the acetous 
ccids, are the productions of the decomposition of vegetables ; we 
shall, therefore, reserve their examination for a future period. 

The oxalic acid, distilled from sorrel, is the highest term of vege- 
table acidification ; for, if more oxygen be added to it, it loses its 
vegetable nature, and is resolved into carbonic acid and water; 
therefore, though all the other acids may be converted into the ox- 
alic by an addition of oxygon., the oxalic itself is not susceptible of 
a further degree of oxygenation ; nor can it be made by any chem- 
ical processes, to return to a state of lower acidification.* 

To conclude this subject, I have only to add a few words on the 
gaUic acid. 

Caroline. Is not this the same acid before mentioned which forms 
ink, by preoipitatinff sulphat of iron from its solution? 

Mrs. B. Yes. Though it is usually extracted from galls, on ac- 
count of its being most abundant in that vegetable substance, it 
may also be obtained from a great variety of plants. It constitutes 
what is called the astringent principle of vegetables ; it is generally 
combined Tvith tannin, and you will find that an hifusion of tea, cof- 
fee, bark, red wine, or any vegetable substance that contains the 
astringent principle, will make a black precipitate with a solution 
of sulphat of iron. 
Caroline. But pray what are galls ? 
Mh-s. B. They are excrescences which grow on the bark of young 

* Oxalic add may be formed artificially. Put one ounce of white 
su^r, powdered, into a retort, and pour on three ounces of nitric 
acid. When the solution is over, make the liquor boil, and when it 
acquires a reddish brown color, add three ounces more of nitric 
&cid. Continue the boiling until the fumes cease,. and the color of 
the liquor vanishes. Then let the liquor be poured into a wide ves- 
sel, and on cooling, white slender crystals wiH be funned. These 
are oxalic acid.— C. 

[ ' 1137. What are the names of the vegetable acids ? 

1138. What is the coniposition of the basis of these acids ? 

1139. What ^neral quality have all vegetable acids ? 

1140. What 18 the highest term of vegetable acidification f 

1141. What acid is called the astringent principle of vegetables ^ 
11452. From what is it usually extracted ? 

1143. What are the galls that yield this acid } 

23* 
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Caroline, One might suppose that meii who dritik large quanti- 
ties of red wine, stand a chance of having the cdats of their stopa- 
achs converted into leather, since tannin has so strong an affinity 
for skin. 

Mrs, B. It is not impossible but that the coats of their stomachs 
may be^ in some measure, tanned or hardened by the constant use 
of this liquor ; but you must remember that where a number of 
other chemical agents are concerned, and above all, where life ex- 
ists, no certain chemical inference ean be drawn. 

I must not dismiss this subject, without mientionkig a recent dis- 
eovery of Mr. Hatchett, which relates to it. This gentleman found 
that a substance very similar to tannin, possessing all its leadin|r 
properties, and actually capable of tanning leather, may be produ- 
ced by exposing carbon, or any substance containing CMrbonaceous 
matter, whether vegetable, anunat, or mineral, to the action of ni- 
tric acid.* 

Caroline. And is not this discovery likely to be of use to manu-, 
fectures ? 

Mrs. B. That is very doubtful, because tannin thus artiiicialhr 
prepared, must probably always be more expensive than that whick 
is oDtained from bark. But the fact is extremely curious, as it aj^ 
fords one of those very rare instances of chemistry being able to 
imitate the proximate principles of organized bodies. 

The last of the vegetable materials is icoody Jibre-^it is the hard- 
est part of plants. TJ^e chief source from which this substance is 
derived, is wood, but it is also contained, more or less, in every solid 
part of the plant. It forms a kind of skeleton of the part to which 
it belongs, and retains its shape after all the other materials have 
disappeared. It consists chiefly of carbon united with a small por« 
tion of salts, and the other constituents common to all vegetables. 

Emily, It is of woody fibre, then, that the common charcoal is 
made ? 

Mrs. B, Yes. Charcoali, a» you may recollect, is obtained from 
wood by the separatiou of all its evaporable parts. 

Before we take leave of the vegetable materials, it will be proper 
at least to enumerate the several vegetable acids which we either 
have had or may have occasion to mention. I believe I formerly 
told you that their basis or radicle, was uniformly composed by hy*- 
dro^en and carbon, and that their dijfference consisted only ia the 
various proportions of oxygen which they contained. 

* To make artificial tannin, Mr. Hatchett used 100 grains of char- 
coal with 500 of nitric acid, diluted with twice its weight of water. 
This mixture was heated, and then suffered to digest ror two days ; 
more acid was then added, and the digestion continued until the 
charcoal was dissolved. This solution being evaporated to dryness, 
leaves a dark brown mass. This is the tannin in question. Its 
taste ia bitter, and highly astringent. — ^C. 

1132. What discovery was made by Mr. Hatchett.^ 

1133. How did he prepare artificial tannin f 

1134. What is wood^ fibre ? 

1135. Of what does it chiefly consist.^ 

1136. From what is charcoal made ^ 



* Tha follbwiiif: ate the names of the Tegetable acids ; 
The Mucous addy obtained from gum or mucilage ; 
Suberic^ ** from cork; 

Cccnphoric, " from camphor ; 

Benzoic J <* from balsama ; 

. Gailic, '< from galls, bark, &c. ; 

MaiiCj " from ripe fruits ; 

CUriCj " from lemon juice ; 

Oxalic, " from sorrel ; 

Succinic, ** from amber ; 

Tartarous, " from tartrit of potash ; 

Acetic, " from vinegar. 

They are all decomposable by heat, soluble in water, and turn veg- 
etable blue colors red. The succinic, the tartarous, and the acetous 
^dds, are the productions of the decomposition of vegetables ; we 
shall, therefore, reserve their examination for a future period. 

The oxalic acid, distilled from sorrel, is the highest term of vege^ 
table acidification ; for, if more oxygen be added to it, it loses its 
vegetable nature, and is resolved into carbonic acid and water; 
therefore, though all the other acids may be converted into the ox- 
alic by an addition of oxygen, the oxalic itself is not susceptible of 
a further degree of oxygenation ; nor can it be made by any chem- 
ical processes, to return to a state of lower acidification.* 

To conclude this subject, I have only to add a few words on the 
- gallic acid. 

Caroline. Is not this the same acid before mentioned which forms 
ink, by precipitating sulphat of iron from its solution ? 

Mrs. B. Yes. Though it is usually extracted from galls, on ac- 
count of its being most abundant in that vegetable substance, it 
may also be obtained from a great variety of plants. It constitutes 
what is called the astringent principle of vegetables ; it is generally 
combined with tannin, and you will find that an infusion of tea, cot- 
fee, bark, red wine, or any vegetable substance that contains the 
astringent principle, will make a black precipitate with a solution 
of sulphat of iron. 
Caroline. But pray what are galls ? 
Mrs. B. They are excrescences which grow on the bark of young 

* Oxalic acid may be formed artificially. Put one ounce of white 
su^r, powdered, into a retort, and pour on three ounces of nitric 
acid. When the solution is over, make the liquor boil, and when it 
acquires a reddish brown color, add three ounces more of nitrie 
&cid. Continue the boiling until the fumes cease,. and the color of 
the liquor vanishes. Then let the liquor be poured into a wide ves- 
sel, and on cooling, white slender crystals wiH be formed. These 
are oxalic acid. — C. 

\ 

[ ' 1137. What are the names of the vegetable acids ? 

1138. What is the composition of the basis of these acids? 

1139. What general quality have all vegetable acids ? 

1140. What 18 the highest term of vegetable acidification.' 

1141. What acid is called the astringent principle of vegetables ^ 
114d. From what is it usually extracted f 

1143. What are the galls that yield this acid P 
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oakB, and are occasioned by an insect wllich wounds. the bark of 
trees, and lays its egg in the aperture. The lacerated yess^s of the 
tree then discharge their contents ^ and form an excrescence, which 
afibrds a defensive covering for these eggs. The insect, when come 
to Ufe, first feeds on this excrescence, and sometime afterwards 
eats its way out^ as it appears from a hole which is formed in all gall- 
nuts that no longer contain an insect. It is in hot climates only 
that strongly astringent gall-nats are found ; those which are used 
for the purpose of making ink are brought from Aleppo. 

JEmify, But are not the oak apples which grow on the l^v^s of 
the oak in this country of a similar nature ? 

Mrs, B, Yes ; only they are an inferior species of galls, contain- 
ing less of the astringent principle, and therefore less applicable to 
useful purposes. 

Caroline, Are the vegetable acids never found but in their pure 
uncombined state ? 

Mrs. B, By no means ; on the contrary, they are frequently met 
with in the state of compound salts ; these, however, are in general 
not fully saturated with the salifiable bases, so that the acid predom- 
inates ; and in this state they are called acidulous salts. Of this 
kind is the salt called cream of tartar. 

Caroline, Is not the salt of lemon, commonly used to take out ink 
spots and stains, of this nature ? 

Mrs. B, No ; that salt consists of oxalic acid combined with a 
little potash. It is found in that state in sorrel. 

Caroline. And pray how does it take out ink spots ? 

Mrs. B, By uniting w,ii)jL the iron, and rendering it soluble ia 
wa^er. 

Besides the vegetable materials which we have enumerated, a 
varietur of other substances, common to the three kingdoms, are 
found in vegetables, such as potash, which was formerly supposed 
to belong exclusively to plants, and was, in consequence, called 
vegetable alkali. 

onlphur, phosphorus, earths, and a variety of metallic oxyds, are 
also found in vegetables, but only in small quantities. And we 
meet sometimes with neutral salts, formed by the combination of 
these ingredient^.. 



COlfVERSATION XSt. 

OF THE DECOMPOSITION OF yEGETABLES. 

QtfoUhe. The account which you hslve given us, Mrs. B., of the 
material of vegetables, is,. doubUess^ very instructive; but it does 

1144. la what climates are strongly astrinffenl. gall-nuts fo«nd? 

1145. Are the yegetablje acids never found but m their puie uncom 
bmed state i 

1146. How does the oxalic acid remove ink spots ? 

1147. What substances common to the three kingdoms are Ibund in 
vegetables^ 
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not completely satisfy my curiosity. I wish to know how plants 
obtain tiie principles from which tl^ir various materials are formed ; 
by what means these are converted into vegetable matter^ and how 
thev are connected with the life of the plant. 

Mrs, B, This implies nothing else than a complete history of the 
<^emistry and physiology of vegetation, subjects on which we have 
yet but very imperfect notions. Still I hope that I shsdl be able in 
some measure, to satisfy your cariosity. Bat, in order to render 
the subject more intelligible, I must first make you acquainted with 
the various changes which vegetables undergo, when the vital j)ower 
no longer enables them to re»8t the common laws of chemical at- 
traction. 

The composition of vegetables being more complicated than that 
of minerals, the former more readily andergo chemical changes 
than the latter ; for the ^eater the variety of attractions, the more 
easily is the equilibrium destroyed, and a new order of combina- 
tions introduced. 

Ermty. I am surprised that vegetables should be so easily suscep- 
tible of decomposition ; fot the preservation of the vegetable kingdom 
is certainly far more important than that of minerals. 

Mrs, B. You must consider, on the other hand, how much more 
easily the former is reviewed than the latter. The decomposition 
of the vegetable takes place only alter the death of the plant, which, 
ai the common course of nature, happens when it has yielded fruit 
and seeds to propagate its species. If, instead of thus finishing its 
career, each plant was to retain its form and vegetable state, it 
would become a useless burden to the earth and its inhabitants. 
When vegetables, there/ore, cease to be productive, they cease to 
Uve, and nature then begins her process of decomposition, in order 
to resolve them into their chemical constituents, hydrogen, carbon 
and oxygen; those simple and primitive ingredients, which she 
keeps in store for all her combinations. 

Emily, But since no system of combination can be destroyed, 
except by ihe establishment of another order of attractions, how 
can the decomposition of vegetables reduce them to their simple 
elements ? 

Mrs, B, It k a very long process, daring which a variety of new 
coVnbinations are successively established, and successively destroy- 
ed ; but, in each of these changes, the ingredients of vegetable 
matter tend to unite m a more simple (»der of compounds, till they 
are at len^h brought to their elementary state, or, at least, to their 
most simple order of combinations. Thus you wiU find that vege- 
tables are in the end almost entirely reduced to water and earbonie 
acid : the hydrogen and carbon dividing the ^xygen between them 
so as to form with it these two substances. But the variety of inter- 
mediate combinations that take place daring the several stages of 

1148. Why do vegetables more readily undergo chemical changea 
than minerate ? 

1149. When do vegetables become decomposed ? 

1150. Into what are vegetables reduced by decomposition? 

1 151 . Since no system of combination can be destroyed, except by the 
establishment of another order of attractions, how can Uie decomposi 
tioa of vegetables reduce them to their simple elements ? 
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the decompotitioB of viegetables, present ns with a new set of cooa 
pounds, well worthy of our examination. 
' Caroline, How is it possible that vegetables, while putrefyingr, 
should produce any thing worthy of obaervation? 

Mrs, B, They are susceptible of undeibgoing certain changes 
before they arrive at the state of putrefaction, which is the £uial 
term of decomposition ; and of these changes we avail ourselves 
for paiticular and important purposes. But, in order to make you 
understand this subject, which is of considerable importance, I 
must explain it more in detail. 

The decomposition of vegetables is always attended bv a violent 
internal motion, produced by the disunion of one order ojf paitides, 
and the combination of another. This is called rEBMxxTATxoir. 
There are several periods at which this process stop^. So that a 
state of rest appeajs to be restored, and the new order of compounds 
&irly established. But, unless means be used to secure these new 
combinations in their actual state, their duration will be but tran- 
sient, and a new fermentation will take place, by which the com" 
pound last formed will be destroyed ; and another, and less complex 
wDl succeed. ^ 

Emhf, The fermentations, then, appear to be only the successive 
steps by which a vegetable descends to its final dissolution. 

Mrs. B. Precisely so ; your definition is perfectly correct. 

Caroline, And how many fermentations, or new a^ngements^ 
does a vegetable undergo before it is reduced to its simple ingre* 
dients ? 

Mrs. B. Chemists do not exactly agree in this point ; but there 
are, I think, four distinct fermentations, or periods, at which the 
decomposition of vegetable matter stops and changes its course. 
But every kind of vegetable matter is not equally susceptible of 
undergoing all these fermentations. 

There are likewise several circumstances required to produce fer- 
mentation. Water, and a certain degree of heat are both essential 
to this process, in order to separate the particles, and thus weaken 
their force of cohesion, that the new chemical affinities may be 
brought into action. 

Caroline. In frozen climates, then, how can the spontaneous de- 
tx>mposition of vegetables take place ? * 

Mrs* B. It certainly cannot ; and accordingly, we find scarcely 
any vestiges of vegetation where a constant frost prevails. 

Caroline. One would imagine that, on the contrary, such spots 
would be covered with vegetables ; for since they cannot be deooa^ 
posed, their number must always increase. 

Mrs. B. But, my dear, heat and water are quite as essentia] to 
the formation of vegetables, as they are to their decomposition. 
Besides, it is from the dead vegetables, reduced to their elementary 
principles, that the rising generation is supplied with sustenance. 
No young plant, therefore, can grow, unless its predecessors con- 
tribute both to its formation and support ; and these not only furnish 

. 1152. What is the process called, that disunites and decompofies the 
elements of vegetables .'* 

1153. What are the fermentations ? 

1154. How many kinds of ftrmentation are there ? 

1155. What is necessary to produce fermentation ? 
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the seed from which the ^w plant springs, but likewise the food 
by which it is nourished. 

Caroline. Under the tcJrrid zone, therefore, wheie wateris neyex 
frozen, and the heat is very great, both the processes of vegetation 
and of fermentation must, I suppose, be extremely rapid ? - 

Mrs. B. Not so much as you imagine ; for in such dimates great 
part of the water which Is required for these processes is in an aeri- 
torm state, which is scarcely more conducive either to the growth 
or formation of vegetables than that of ice. In those latitudes, 
therefore, it is only in low, danm situations, sheltered by woods 
^om the sun's rays, that the smaller tribes of vegetables can grow 
and thrive during the dry season, as dead vegetables seldom retain 
water enough to produce fermentation, but are, on the contrary, 
soon dried up by the heat c^f the sun, which enables them to resist 
that process ; so that it is not till the fall' of the autumnal rains 
(which are very violent in such climates,) that spontaneous fer- 
mentation can take place. 

The several fermentations derive their names from their principal 
products. The first is called the saccharine fermenttition, beeause 
its product is sugar. 

Caroline. But sugar, you have told us, is found in all vegetable^; 
it cannot, therefore, be the produet of their decomposition. 

Mrs. B. It is true that this fermentation is not confined to the 
decomposition of vegetables, as it continually takes place during 
their life ; and, indeed, this circumstance has till lately prevented 
it from being considered ad one of the fermentations, and the format 
tion of sugar, whether in living or dead vegetable matter, is so 
evidently a new compound, proceeding from the destruction of the 
previous order of combinations, and essential to the subsequent 
fermentations, that it is now, I believe, generally esteemed the first 
step, or necessary preliminary to decomposition, if not an actual 
commencement of that process* 

Caroline. I recollect your hinting to us that sugar was supposed 
not to be secreted from the sap, in the same manner as mucilage, 
fecula, oil, and the other ingredients of vegetables. 

Mrs. B. It is rather from these materials, than from the sap itself, 
that sugar is formed ; and it is developed at particular periods, as 
you may observe in fruits, which become sweet in ripening, some- 
times even after they have been gathered. lAfe therefore is not 
essential to the formation of sugar, whilst, on the contrary, muci- 
lage, fecula, and the other vegetable- inaterials that are secreted 
from the sap by appropriate organs, whose powers immediately 
depend on the vital principle, cannot be produced but during the 
existence of that principle. 

Emily. The ripening of fruits is then their first step to destruc- 
ion as well as their last towards perfection ? 

Mrs. B. Exactly. A process analogous to the saccharine fer- 

1157. What in the torrid zone prevents the processes of vegetation 
and fermentation from being rapid ? 

1158. Front what do the several fermentations derive their names ^ 

1159. Why is the first of them called a saccharine fermentation? 

1160. Why was not sugar formerly considered a fermentation? 

1161. Why is it at present considered a fermentation ? 

1162. From what parts of vegetables is sugar formetl? 
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tnentatioa takes place also during tha cooking of certain vegetablet. 
This is the case with parsneps, carrots, potatoes, &c., in wXikh. 
sweetness is developed by heat and moisture ; and we know that if 
^e carry the process a little farther, a more complete decompoaition 
would ensue. The same process takes place also in seeds previeos 
to their sprotiting. 

Caroline. How do yon reconcile this to your theory, Mrs. B.? 
Can you suppose that decomposition is the necessary precuisq^ 
of life ? 

MrS4 B. That is indeed the case. The materials of the seed 
must be decomposed, and the seed disorganized, before a plant can 
sprout from it. Seeds, besides the embryo plant, contain (as we 
have already observed^ fecula, oil, and a little mucilage. These 
substances are dest^ea for the nourishment bf the future plant; but 
they undergo some change before they can be fit for this functioa. 
The seeds, when buried in the earth, with a certain degree of 
moisture and of temperature, absorb water, which dilates them, 
separates their particles, and introduces a new order of attractions, 
of which sugar is the product. The substance of the seed is tlius 
softened, sweetened, and converted into a sort of white, milky pulp, 
fit for the nourishment of the embryo plant. 

The saccharine fermentation of seeds is artificially produced, for 
the purpose of making malt, by the following process : — A quantity 
of barley is first soaked in water for two or three days : the water 
being aiterwaxds drained off, the g^ain heats spontaneously, swells, 
bursts, sweetens, shows a disposition to germinate, and actually 
sprouts to the length of an inch, when the process is stopped by 
putting it into a kiln, where it is well dried at a gentle heat. I|i tbi 
state It is crisp and friable, *and constitutes the substance called 
mali, which is the principal ingredient of beer. 

EmUy. But I hope you will tell us how malt is made into beer? 

Mrs. B. Certainly ; but I must first explain to you the nature of 
the second fermentation, which is essential to that operation. Tbis 
is called the vinous fermentation, because its product is im(£. 

Emily. How very different the decomposition of vegetables is 
from what I had imagined ! The products of their disorganization 
appear almost superior to those which they yield during their state 
of life and perfection. 

Mrs. B. And do you not, at the same time, admire the beautiful 
economy of Nature, which, whether she creates, or whether sbe 
destroys, directs all her operations to some useful and benevolent 
purpose ? — It appears that the saccharine fermentation is extremely 
favorable, if not absolutely essential, as a previous step, to the vinous 
fermentation ; so that if sugar be not developed during the hfe of the 
plant, the saccharine fermentation must be artificially produced be- 

» ■' ' - ~ 

1163. What process analogous to saccharine fermentation takes place 
during the cooking of certciin vegetables ? 

11G4. How would you describe this fermentation in seeds prior to 
germination ? 

1165. How is saccharine fermentation exhibited in the making of 
malt ? 

1166. Why is the second fermentation called vinous? 

1167. Whv does barley resist the vinous fermentation until it has 
gone through the saccharine ^ 
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fbre tlie vinoits ferme&taticfh can take plae^. This is the case with 
bsrley, which does not \ield any sugar nnti) it is made into malt ; 
and it is in that state only, that it is strsceptiUe of undergoing the 
vinons fermentation by which it is converted into beer. 

Caroline, But if the product of the vinous fermentation is always 
wine, beer cannot have undergone that pirocess, for beer is certain- 
ly not wine. 

Mrs. B. Chemically speaking, beer may be considered as the 
wine of grsiin. For it is the product of the fermentation of malt^ 
JBSt as wine is that of the fermentation of grapes, or other fruits. 

The consequence of the vinous fermentation is the decomposition 
of the saccharine matter, and the formation of a spirituous liquor from 
the constituents of the sugar. But in order to promote this fermen- 
tatitm, not only water and a certain degree of heat are Reeessary, 
but some other vegetable ingredients, beside^ the sngar, as fecuA, 
mucilage, acids, salts, extractive matter, &c., all of which seem to 
contribute to this process, and give to the liquor its pectyiiar taste. 

Emily, It is, perhaps, for this reason, that wine is not obtained 
from the fermentation of pure sugar; but that fruits are chosen for 
that purpose, as they contain not only sugar, but likewise the other 
vegetable ingredients which promote the vinous fermentation, and 
give the peculiar flavor. 

Mrs, B, Certainly. And you must observe, also, that the relative 
quantity of sugar is not the only circumstance to be -considered hi 
the choice of vegetable juices for the formation of wine ; otherwise 
the sugar cane would be best adapted for that purpose. It is rather 
the roantier and proportion in which the sugar is mixed with other 
vegetable ingredients, that influences the production and qualities 
of wine. And it is found that the juice of the grape not only yields 
the most considerable proportion of wine, but that it likewise affords 
if of the most grateful flavor. 

JBmily. 1 have seen a vintage in Switzerland,.and I do not recol- 
lect that heat was applied, or water added, to produce the fermen- 
tation of the grapes. 

Jffrs. B. The common temperature of the atmosphere in the cel- 
lars in which the juice of the grape is fermented is sufficiently warm 
for this purpose ; and as the jmce contains an ample supply of water, 
there is no occasion for any addition g( it. But when fermentation is 
produced in dry malt, a quantity of water must necessarily be added. 

JSmify: But what are precisely the changes that haj^en during 
the vinous fermentation ? 

Mrs. B, The sugar is decomposed, and its constituents are re- 
eombined into two new substances ; the one a pecnliar liquid sii^ 
stance, called alcohol, or spirit of wine, which remains in the fluid ; 
tiie other, carbonic acid gas, which escapes during the fermentation. 
Wine, therefore, as I before observed, m a general point of view, 
may be considered as a liquid, of which alcohol constitutes the essen- 

1168. What is the consequence of the vinous fermentation ^ 

1169. What is necessary to produce this fermentation ^ 

1170. Why are grapes chosen for wine instead of puns sugar ? 

1171. What is to be considered in the choice of vegetable juices ftr 
tlie formation of wine? . 

1172. What are the changes that happen daring the vinous fennen- 
tation? 
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tial part. ' And the yariety of Btieagth and HagOTf of the dUbrent 
kinds of wine, are^to be attributed to the different qnriities of the 
frmts, from which they are obtained, independently of the sugar. 

CaroKne. I am astonished to hear that so powerful a liquid as spirit 
of wine should be obtained horn so mild a substance aM sugar. 

Mrs. B, Can you teU me in what the prindpal difl^ence consists 
between alcohol and sugar ? 

Caroline. Let me re&ct :-^SngaT consists of carbon, hydrogen, 
and oxygen. If carbonic acid be subtracted from it, during the for- 
mation <M alcoh<^, the latter will contain less carbon- and os:y^en 
than sugar does ; therefore hydrogen must be the preyailing prm- 
ciple of alcohol. 

Mr$. B, It is exactly so. And this yery large proportion of hy- 
drogen accounts for the lightness and combustible property of alco- 
hol, and of spirits in general, all of which consis^t of alcohol yarioujky 
modified. 

Dmihf, And can sugar be recomposed from the combinatiott of 
alcohol and carbonic acid ? 

Mrs. B. Chemists haye neyer been able to succeed in effecting 
this ; but from analogy I should suppose such a recompoeition pos- 
sible. Let us now obserye more particularly, the phenbm'eaa that 
take place during the yinous fermentation. At the commencement 
of this process, heat is evoiyed, and the liquor swells considerably 
from the formation of the carbonic acid, which is disengaged in such 
prodigious quantities as would be &tal to any person who should 
unawares inspire it ; an accident which has sometimes happened. 
If the fermentation be stopped by putting the liquor into barrels, 
before the whole of the carbonic acid is evolyed, the wine is brisk, 
like Champagne, from the carbonic acid imprisoned in it, and it 
tastes sweet, like cider, from the sugar not being completely de- 
composed. 

liniiy. But I do not understand why heat should be eyolyed dur- 
ing this operation. For, as there is a considerable formation of g^as 
in which a proportionable quantity of heat must become insensible, 
I should haye imagined that cold, rather than heat, would have been 
produced. 

Mrs. B. It appears so on first consideration ; but you must recol- 
lect that fermentation is a compticated chemical process ; and that, 
during the decompositions and recompositions attending it^ a quan- 
tity of chemical heat may be disengaged, sufficient both to deyelope 
the gas, and to effect an increase of temperature. When the fer- 
mentation is completed, the liquid cools and subsides, the efferr&h 
oence ceases, and the thick, sweet, sticky juice of the fruit, is con- 
verted into a dear, transparent, spirituous liquor, called wine. 

Bmiiy. How much I regret not having been acquainted with the 
nature of the vinous fermentation, when I had an opportunity of 
seeing the process. 

Mrs. B. Yon have an easy method of satisfying yourself in that 

1173. What J8 the principal difference between sugar and alcohol ? 

1174. Can sugar be recomposed by the combination of alcohol and 
carbonic acid ? 

1175. What takes place at the commencement of the yinooa fti^ 
mentation ? 

1176. Why is Champagne wine so brisk? 

1177. What process is analogous to the making of wine ' 
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Mpeoi hf cil)06nrlng tbe procesB of brewing, whi^ in every e— i 
ttel circumBtance, is nmiiar to that of making wine, and ia really a 
very enrious cfaemical operation. 

AlUiough we cannot actually make wine at this moment, it will be 
easy to show yon the mode of analyzing it. This is done hj distilla- 
tion. When wine of any kind is submitted to this operation, it k 
found to contain brandy, water, tartar, extractive coloring matter 
and some yegetable acids. I have put a little Port wine mto this 
alembic of glass, and .:-j^^ «j \ ^ 

on pbicing the lamn (*^- ^Z 

wider it, tou win 
soon see the spirit 
aad water sueoess- 
iyely oome orer. 

Am^, But you 
do not mention al- 
cohol amonffst the 
jfrodueis of uie dis- 
tillation of wine ; 
aad yet that is its 
most essential in- 
gredient. 

Mrs. B. The at 
oohol io contained 
in the brandy which 
ia now coming orer 
and dropping from 
Che still. Brand ? is 
nothing more tnan 
a mixture of alco- 
liol and water : and 
in order to obtain 
the alcohol pure, we 
must again distil it 
from brandy. 

Caroline* I have just taken a drop on my finger ; it tastes like 
strong brandy, but is without color, whilst brandy is of a deep yd- 
low. 

A&f. B. It is not so naturally ; in its pure state, brandy is coloi- 
less, and it obtains the yellow tint you obserre, by extracting the 
coloring matter from the new oaken casks in which it is kept. But 
if it does not acquire the usual tinge in this waj, it is the custom to 
color the brandy in this country, artificially, with a little burnt ■»- 
gar, in order to siye it the appearance of haying been long kept. 

CaroUne, And is rum ako oistiUed from wine ? 

Mrs, B, By no means ; it is distilled from the sugar cane, a pkal 
which contains so great a quantity of sugar, that it yields more al> 
eohol than almost any other yegetable. Afrer the iuioe of the oaao 
baa been pressed out for making sugar, what still remains in the 
bruised cane is extracted by water, aad this watery solution of m^w^ 
h lermented, and produces rum. 

117B. When wine is distilled what is the psodvet? 

1179. What is biandy ? 

1180. From what does biandy obtain iti coloring? 
Uai. Ffsn what, and how IS mm distilled? 




A. Alembic— B. Lamp.— C. Wine. 



The spnitaoiB liqaor called. orraeA; is in A nmikuf manner diitilM 
from the prodnct of the Tinons fermentation of rioe. 

EmUy, Bat rice has na sweetness ; does it contain any sago ^ 

Mrs, B. Like barley, and most other seeds, it is insipid mrtil it 
lias undergone the saccharin^ fermentation ; and this, you im»t t»- 
eoUect, is always a previous step to the Tinons finrmentatkm in those 
Tegetables in which sugar is not already formed. Brandy may, in 
the same manner, be obtamed from malt. 

CaroUne, You mean from beer, I suppose ; for the malt nrast 
have previously undergone the yinous fermentation. 

Mrs. B. Beer is not precisely the product of the rinous ferment- 
ation of malt. For hops are a necessary ingredient for the fbrma* 
lion of that liquor; whilst brandy is distillea from pure fermented 
malt. But brandy, no doubt, might be distilled from beer, as well 
as from any other liquor that has undergone the vinous ferments- 
tion ; for smce the basis of brandy is akohol, it may be obtained 
from any liquid that contains that spirituoas sabstance. 

Emily, And pray, from what vegetable is the favorite spirit of 
tiie lower orders of'^the people, gin, extracted ? 

Mrs, B. The spirit (vdiich is the same in all fermented lic[uor8) 
may be obtained from any kind of grain ; but the peculiar' flavor 
which distinguishes gin, is that of juniper berries,, which ure distil-^ 
led together with the grain. 

I thmk the brandy contained in the wine which we are distilling, 
most,, by this time, be all come OTcr. Yes — taste the liquid that is 
now dropping from the alembic. 

Coarolxne, it is perfectly insifad, like water. 

Mrs. B, It is water, which, as I was telling you, is the second 
product of wine, and comes over afler all the spirit, which is the 
tightest part, is distiUed The tartar, and extractive cdioring mat* 
ler we shall find in a solid fonn, at the bottom of the alembic. 

Enuty, They look very much like the lees of wine. 

Mrs, B, And in many respects, they are of a similar nature, for 
lees of wine consist chieoy of tartrit of potash ; a salt which exists 
in the juice of the grape, and in many other vegetables, and is de- 
veloped only by the vinous fermentation. Daring this operation, it 
is precipitated, and deposits itself on the internal surface of the cask 
in which the wine is contained. It is much used in medicine, and 
in various arts, particularly dyeing, under the name &[oteam eftar" 
tat^ and it is from this salt that the tartarous acdd is obtained. 

OxroUne, But the medicinal cream of tartar is in appeamnoe, 
quite difierent from those dark colored dregs ; it is perfectly eol<^ 
\&m, 

Mrs. B. Because it consists of the pure salts only, in its eirstal* 
lixed form ; whilst in the instance before us, it is mixed with the 
dbep colored extractive matter, and other fereign ingredients. 

EmUy, Pray, cannot we now obtain pure alcohol from the biandy 
idiich we have, distilled ? 

Mrs. B, We miffht; but &e process would he tedious; fer m 
Mder to obtain akoM^ pnfectly free from water, it is necessaxy te 
distil, or, as the distillers call it, rectify it several tunes. Yen moBl 

1182. From what, and IMMT is gin distilled ? 

1183. What is the origin of the cream of tartar i 

1184. From what tony aloobol le obttdnsd* 
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thexefoTe, allow me to produce a b^;tle of alcohol that has been 
thus purified. This is a very important ingredient, which has maaj 
9terikiDg properties, besides its forming £e basis of all spirituous 
liquors. 

Emtfy^ It is alcohol, I suppose, thai produces intoxication ? 

Mrs, B^ Certainly ; but the stimulus and momentary energy it 
^yes to the system, and the intoxication it occasions when taken 
in excess, are circumstances not yet accounted for. 

Caroline. J thought that it produced these effects by increasing 
the rapidity of the ctrculatioo of the blood ; for drinkmg wine or 
spirits, I have heard always quickens the pulse. 

Mrs, B, No doubt ; the spirit by stimulating the nerves in- 
creases the action of the muscles ; and the heart, which is one of 
the strongest muscular organs, beats vnth augmented vigor, and 
propels t^ blood with accelerated quickness. After such a strong 
excitation the frame naturally sufiers a proportional degree of de- 
pression, so that a state of debility and languor, is the invariable 
consequence of intoxication. But though these circumstances are 
well ascertained, they are far from explaining why alcohol shouIA 
produce such effects. 

Emitu. Liqueurs are the only kind of spirits which I think pleas- 
ant. Fray, of what do they consist? 

Mrs^ B. They are compK^sed of alcohol, sweetened with syrupy 
and flavored with volatile oil. 

The different kinds of odoriferous spirituous waters are likewise 
solutions of volatile oil in alcohol, as lavender water, eau de Co- 
logne, &c. 

The chemical properties of alcohol are important and numerous. 
It is one of the most powerful chemical agents, and is particuhrly 
useful in dissolving a variety of substances, which are soluble 
neither by water nor heat. 

Badly. We have seen it dissolve copal and mastic to form var- 
nish^; and these resins are certainly net soluble in water, since 
water precipitates them from their solution in alcohol. 

Mrt. J9L I am happy to find that you recollect these circumstances 
so weU. The same experiment affords also an instance of another 
property of alcohol, — ^its tendency to unite with water : for the reski 
IS precipitated in consequence of losing the alcohol, which abandons 
it from its preference for water. It is attended also, as you may 
recollect, with the same pecuMar circumstance of a disengagement 
of heat, and consequent diminution of bulk, which we have supposed 
■to be produced by a mechanical penetration of particles, by which 
latent heat is forced out. 

Alcohol unites thus readily not only with resins and with water, 
but with oils and balsams; these ccnnpounds form the extensive 
class of elixirs, tinctures, quintessences, ^. 

Emily. I suppose that alcohol must be highly combustible, since 

*t contains so large a proportion of hydrogen. 

'^■'~.»^— — ' — —— — ' — ^— — .— ^— i— »»^-^^^»»— .^.(.j^p— ^.» 

1185. What is the intoxicating principle in spirituouB liquors^ 

1186. How does itprodjice this effect ? 

1187. What are the difieient kinds of odori&roas spirituoas waters? 

1188. What are some of the most peculiar uses of alcohol P 

1189. Why are brandy and othiff spirituous liquors so combustttile? 
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Afr5. B. Elxtremely so ; and it will bom at a rerj modenle 
temperature. 

CaroUne. I have bflen seen both brandy and spirit of wine burnt ; 
they produce a great deal of flame, but not ai proportional qoantity 
of heat, and no smoke whatever. 

Mrs. B, The last dreumstance arises from their combustion be- 
ing complete ; and the disproportion between the flame and heat 
•hows you that these are by no means synonymous. 

The great quantity of flame proceeds from the combnstioB of the 
hydrogen, to which you know that manner of burning is peculiar.-^ 
^ve you not remarked also, that brandy and alcohol will bum 
without wick? — ^they take fire at so low a temperature, that this 
assistance is not required to concentrate the neat and Yolatiliae 
the fluid. 

Caroline, I haye sometimes seen brandy burnt by merely heating 
it in a spoon. 

Mrs. B. The rapidity of the combustion of alcohol, may, how- 
ever, be prodigiously increased by first volatilizing. An ingeniooa 
instrument has been constructed on this principle to answer the 
purpose of a blow-pipe, which may be used for melting glass, or 
other chemical purposes. It consists of a small metafile Teasel, 



Fig. 36. 
Alcohol Blow-fipe. 



(fig. 35.) of a spherical 
•hape, which contains 
the alcohol, and is heated 
by the lamp beneath it ; 
as soon as the alcohol 
IS volatilized, it passes 
through the spout of the 
yessef, and issues just 
above the wick of the 
lamp, which immediate- 
ly sets fire to the stream 
of vapor, as I shall show 
you** 

Emihf. With what a- 
mazing violence it bums ! 
The flame of alcohol, in 

the state of vapor, is, I d. The lamp.-E. The ve«el in whieh the Aleobol 
fancy, much hotter than it boiling.— F. Safety valve.— G. The inflamed jet or 
when the spirit is merely ■'**" of alcohol directed towardB the glaae tabe H 

burnt in a spoon. 

Mrs. B. Yes ; because in this way the combustion goes on much 
quicker, and^ of course, the heat is proportionally increased.—Ob- 




* A spirit lamp, which answers very well for bending small gl 
tubes, may be constructed by almost any one. Take a low phial 
with a wide mouth, fit a cork to it, and pierce the cork to admit a 
pieee of glass tube, the bore of which is about the size of a large 

1190. Why ii no smoke produced when brandy or spirit of wine m 
burnt.' 

1191. Why will brandy and alcohol bum without a wick? 

1 ] 92. How would you describe the experiment represented in fig. 36 f 
1193. How would yon describe the spirit lamp ? 
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«erve its etfofit on this small glass tube, the middle of wliich I pre- 
^wnt to the efxtreuuty of the flame, where the heat is greatest. 

"Caroline, The ^aas, in that spot, is become red hot, and besAs 
!firom its own weight. 

Mrs. B. I have now drawn it asunder, and am going to blow a 
htSl at one of the heated ends ; but i must previously close it up 
and flatten it with 4;his little metiJHc instrument, otherwise the 
'breath would pass through the tube without dHatimg any part of 
It.-^Now Caroline, will you Mow strongly into the tube whilst th« 
closed end is red hot? 

EfMhf, You tdow too hard ; for the baU suddeniy d^ated ^ a 
'great size, and then burst into pieces, 

Mrs. B. Tott will be more expert another -time ; bat I must 
«aution you, should you ever use tailB blow-pipe, "to be very carefcd 
that the combustion of the alcohol does not go on with too great 
violence, iofl have seen the flame sometimes dart out with such 
€orce as to reach the opposite wall of the room, and set the paint 
on fire. There is, however, no danger of the vessel bursting, as it 
is provided vnth a safety tube, which afibrds an additional vent for 
the vapor of alcohol when required. 

The products of the combustion of alcohol consist ii) a great 
•|>roportion of water, and a small quantity of carbonic acid. There 
js no smoke or fixed remains whatever. — How do you account for 
Ihat, Emily? 

EmUy. I suppose that the oxygen which the alcohol absorbs in 
;t)urning, converts its hydrogen mto water, and its carbon into cai^- 
4M>nic acid gas, and thus it is completely consumed. 

Mrs. B.. Very wefi, — Ether, the lightest of all fluids, and wiih 
^hich you are well acqusunted, is obtained from alcohol, of which 
it forms the lightest and most volatile part. 

Emify. Etl^r, then, is to alcohol, what alcohol is to brandy. 

Mrs. B. No ; there is an essential diflferenoe. In order to obtain 
.^alcohol from brandy, you need only deprive the iatt^ of its water ; 
4>ut for the formation of ether, the alcoh^ must be decomposed, 
And one of its constituents partly subtracted. I ]e»ve you to guess 
^hich of them it is. 

Emify. It cannot be hydrogen, as «ther is more volatile than 
Alcohol, and hydrogen is the Ughtest of all its ingredients : nor do 
1 suppose that it can be oxygen, as alcohol contains ao small a pro- 
portion of that prindple ; it is therefore, most probaUy, carbon, a 
^diminution of which would not fail to render the new compound 
more volatile. 

Mrs. B. Ton ar* perfectly right. The formation of ether con 
4ftists simply in subtracting firom the alcohol a certain {proportion of 
jcarbon ; tins is eflfected by th« action of the sulphuric, nitric, or 

igoose-quill. Let the tube rise an inch oif two above thb 'M)rk— 
pass some cotton wick thrauffh the tube-^then fill the phial vitk 
alcohol, and put the cork and tube in their places. The lamp is 
Ahen ready .—C. 

1194. Wh|^ ia the composition of alcohol? 

1195. From what is ether obtained f 

1196. How doefl'^t differ from alcohol ? 

tl97. In what dcn^ the formation of ether consists 
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imuriatic axad, on alcohol. The add and carhcm remam at tlia 
bottom of the vessel, whilst the decarbonized alcohol flies off ia the 
Ibmi of a condensable vapor, which is ether. 

Ether is the most inflammaUe of all fluids, and bums at so low« 
temperature that the heat eyoWed during its combustion is more 
than is rec|uired for .its support, So that a quantity of ether is vola* 
tilized, which takes fire, and gradually increases the violence of the 
oombostion. 

Sir Humphrey Davy has lately discovered a very singular het 
respecting the vapor of ether. If a few drops of ether be poured 
into a wine glass, and a fine platina wire, heated almost to redness, 
be held suspended in the glass, close to the surfiuse of the ether, 
the. wire soon becomes intensely red hot, and remains so for any 
length of time. We may easily try the experiment. 

Caroline, How very curious ! The wire is almost white hot, 
and a pungent smell rises from the glass. Pray how is this ao- 
countea for? 

Mrs. B, This is owing to a very peculiar property of the vapor 
of ether, and indeed of many other combustible gaseous bodies. 
At a certain temperature lower than that of ignition, these vai)oi8 
onderga a slow and imperfect combustion, which does not give rise, 
in any sensible degree, to the phenomena of light and flame, and 
yet extricates a (quantity of caloric suflldent to re-act upon the 
wire, and make it red hot, and the wire in its turn keeps up the 
effect as long as the emission of vapor continues. 

This singular effect, which is also produced by the alcohol, may 
be rendered more striking,. and kept up for an indefinite length of 
time, by rolling a few coUs of platina wire, of the diameter of from 
about l-60th to l-70th of an inch, round the wick of a spirit lamp. 
If this lamp be lighted for a moment, and blown out again, the wire, 
after ceasing for an instant to be luminous, becomes red hot again, 
though the lamp is extinguished; and remains glowing vividly, till 
the whole of the spirit contained in the lamp has been evaporated 
and consumed in t^is peculiar manner. 

Caroline, This is extremely curious. But why should not an 
iron or silver wire produce the same eflect ? 

Mrs, B, Because either iron or silver, being much better con- 
ductors of heat than platina, the heat is carried off too &8t by those 
metals to allow the accumulation of caloric necessary to produce 
the effect in question. 

Ether is so light that it evaporates at the common temperatura 
of the atmosphere ; it is therefore necessary to keep it confined by 
e well ground glass stopper. No degree of cold known has ever 
frozen it.* 



* Ether freezes and shoots into crystals, at 46° below the zero of 
Fahrenheit. — C. 

1196. What is the most inflammable of all bodies ? 
1199. What singular efiect has Sir H. Davy lately discoveied le* 
ipeeting the vapor of ether? 

1900. How may this effect be rendered more striking? 

1201. Why wotdd not an iron or silver wiie produce W same effeel / 

1908. At what degree of cold will euiei fretfze? 



Caroline. 1b it not often taken medicinally? 
^ Mrs, B, Yes ; it is one of the most efl^tual anti-^asmodio medi- 
dnes, and the quickness of its efl^ts, as such, probably depends on 
its being instantly eonverted into Ya|>or by the heat of the stomadly 
throngh the intervention of which it acts on the nervous system. 
But the Sequent Qse of ether, like that of spirituous liquors, becomes 
prejudicial, and, if taken to excess, it produces effects similar to 
those of intoxication. 

We may now take our leave of the vinous fermentation, of which, 
I hope, you have acquired a clear idea ; as well as of the several 
products that are derived from it. 

Caroline, Tliough this process appears^ at first sight, so much 
eom^caled, it may, I think, be summed up in a few words, as it 
consists in the eonversion of sugar and fermentable bodies into 
alcohol and carbonic acid, which gives rise both to the foimation of 
wine, and of all kinds of spirituous liquors. 

Mrs. B. We shall now proceed to the euxtous fermentation^ which 
18 thus called, because it converts wine into vinegar, by the forma- 
tion of the acetous acid, which is the basis or radical of vinegar. 

Carohne, But is not the acidifying principle of the acetous acid 
tiie same as that of all other adds, oxygen ? 

Mrs. B, Certainly ; and on that account, the contact of air is 
essential to this fennentation, as it affiirds the necessary supply of 
oxygen. Yineffar, in order to obtain pure' acetous add nom it, 
must be distilled and rectified by certain processes. 

EmUy, But pny^, Mrs. B., is not the acetous acid firequently 
Ibrmed without this fermentation taking place ? Is it not, for in- 
stance, contained in add fruits, and in every substance that be- 
comes sour? 

Mrs, B, No, not in fruits; you confi>und it with the citric, the 
malic, the oxalic, and other vegetable adds, to which living vege- 
tables owe their addity. But whenever a vegetable substance 
turns sour, after it has ceased to live, the acetous acid is developed 
by means of the acetous fermentation, in which the substance ad- 
vances a step towards its final decomposition. 

Amongst the various instances at aeetous fermentation that of 
bread is usually classed. 

QtroUne, But the fermentation of bread is produced by yeast ; 
liow does that efifect it ? 

Mrs, B, It is found by experience that any substance that has 
already undergone a fennentation, will readily excite it in one that 
is sui^oeptible of that process. If, fer instance, you mix a little vine» 
gar vvith veine, that is intended to be addified, it will absorb oxYsen 
more rapidly, and the process be eompleted much sooner, than if left 
to ferment spontaneously. Thus yeast, which is a product of the 
fermentation 6f beer, is used to exdte and accelerate the fermenta- 

1903. How may the prooess of the vinous fermentation be expressed 
in a few words? 
190^. Why is the third fennentation called aoetons ? 

1905. Why is the contact of air neoesMry to produce the acetous 
fermentation ? 

1906. Whgtis tbe reason thai winCi-^ir dder, when corked tight, 
does not turn to vinegar ? 

' 1907. How is the £nnentatioa of Mead prodnoed by yeast? 



tion of malt, which is to be converted into beer, «cr wdl as thitt of 
l^te, which is to be made into bread. 

Carolme, But if bread undergoes the neetooB fermentation, mkiif 
is it not sour ? 

Mr$, M. It acquires a certain sanror which corrects the heavj 
insipiditr of flour, and maj be reckoned a first degree ef acidifiea^ 
tion, or if the process were caxried further, the l»ead wouhi bacome 
decidedly acid. 

There are, however^ some cheHusts who do not eontiider the fer» 
nentation of bread as being of the acetous kind, but suppose that 
it is a process of fermentalion peculiar to that substajiee. 

The putrid fermentation, is me final operation of Nature and her 
• last step towards reducmg organized bodies to their simplest combii- 
nations. All vegetables spontaneously undergo this termentation 
aAer death, provided there be a sufileient degree of heat and mms>- 
ture, together with access of air ; for it is weH known that dead 
^ants may be preserved by drying, or by the total exclusion of air. 

Caroline, But do dead plants undergo the other fermentations 
previous to this last ; or do they immediatdy su&r the putrid fer* 
mentation ? 

Mrs. B. That depends on a variety of etrcnmstances, such as 
the degrees of tenaperature and of moisture, the nature ol the plant 
itself, &c. But if you were carefully to follow and examine the 
decomposition of plants from their death to their final dissolution, 
you would generally find a sweetness developed in the seeds, and a 
spirituous flavor in the fruits (which have undergone the saccharine 
fermentation) previous to the total disorganisation and separatioii 
of the parts. 

Endhf, I have sometimes remarked a kind of snidtuous taste 
in fruits that were over ripe, especially oranges, and this was just 
before the^ became rotten. 

Mrs, B, It was then the viaons fermentation, which had succeeded 
the saccharine, and had you followed up these changes attentively, 
you would probably have found the spirituous taste followed by 
acidity, previous to the fruit passbg to the state of putrefaction. 

When the leaves fall from the trees in the autumn, they do not (if 
there is no ^eat moisture in the atmosphere) immediately undergo 
a decomposition, but are fiist dried and withered ; as soon, how- 
ever, as the rain sets in, fermentation commences, their gaseoos 
{»oducts are imperceptibly evolved into the atmosphere, and their 
fixed remaks mixed with their kindred earth. 

Wood, when exposed to moisture, also undflrgoes the putrid fisr- 
mentation, and becomes rotten. 

Enufy, But I have heard that the dry rot, which is so liable to 
destroy the beams of houses, is prevented by a current of air^ and 
yet you said that the air was essential to the puind fermentation ? 

Mrs. B, True ; but it must not be in such a proportion to the 
moisture as to dissolve the latter, and this is generally the case when 

1908. Why then is it not sonr ? 

1209. What is the filial fbimentation in seducing oiganized bodies to 
their simplest combinations ? 

1210. what is mentioned of oranges, a«4 o^mt ov<0r ripe fimity w» 
illnstrating the above principle of fermentsition f 

1211. What is said of the fermenUtion of leasies^ 
IS12. How may the dry rot be pvevented' 
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tbe lotdng of wood b oreTented or stopped hy the hee acoesir of 
air. What is oommonlj called dry rot, however, is not, I beliere, 
a true process of putreraction. It is supposed to depend on a pe- 
culiar kind of vegetation, which by feeding on the wood gndtimj 
destroys it. 

Straw, and all other kinds of vegetable matter, undergo the putrid 
fennentati<m more rapidly when mixed with animal matter. Much 
heat is evolved during this process, and a variety of volatile products 
aie diseuffaged, as carbonic acid and hydrogen gas, the latter &f 
which is frequently either sulphurated or phosphorated. When all 
these gases have been evolved, the fixed products, consisting of car- 
bon, small quantities of salts, potash, &c. form a kind of vegetable 
earth, whicn makes very fine manure, as it is composed of those 
elements which form the immediate materials of plants. 

Caroline, Pray, are not vegetables some^mes preserved from de- 
eompodtion by petri&ction ? * I have seen very curious specimens 
of petrified vegetables, in which state they perfectly preserve their 
form and organization, ^ough in appearance they are changed to 
stone. 

Mrs, B, That is a kind of metamorphosis, which, now that yoa 
are tolerably well versed in the history of mineral smd vegetable 
substances, I leave to your judgment to explain. Do you imagine 
that vegetables can be converted into stone ? 

EmiJy, No, certainly ; but they might, perhaps, be changed to a 
Substance in appearance resembling stone. 

Mrs, B, It is not so, however,'With the substances tnat are called 
petrified vegetables; for these are really stone, and generally of the 
nardest kind, often consisting chiefly of silex. The case is this : 
when a vegetable is buried under water, or wet in earth, it is slowly 
and gradually decomposed. As each successive particle of the 
vegetable is destroyed, its place is supplied by a particle of siliceoua 
ea^, conveyed thither by the water. In ue course of time the 
vegetable is entirely destroyed, but the silex has completely re- 
placed it, having assumed its form and apparent texture, as if the 
vegetable itself were changed to stone. 

CaroUne. That is very curious! and I suppose that petrified 
animal substances are of the same nature ? 

Mrs. B, Precisely* It is equally impossible for either animal or . 
▼eatable substances to be converted into stone. They may be 
reduced, as we find they are, by decomposition, to their constituent 
elements, but cannot be chan^d to elements which do not enter 
into their composition. 

""■"^^"^"^ 

* Petrifiictions are of two kinds, viz. siliceous, when flinty parti- 
cles take the place of the original substance, and cakar&?usy where 
the substance appears to be changed to limestone. The first kind 
gives fire with steel, and the other effervesces vdth acids.'— C. 

1213. On what is the dry rot supposed to depend? 

1214. \Vhy will animal matter, mixed with straw and other vegeta 
hie sabetancei, hasten fermentation ? 

1215. What are vegetable petrifitctions ? 

1216. How are vegetable petrifiictiona formed ? 

121 7. How many kinds of petr^itUions are there f 

1218. Wkaiaretko^taUed^ and what are ikskr^P^rtifff 
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Tlieie are, however, curcnmstances which frequently prfeveat the 
legahir and final decompoaition of vegetablea : aa tor instance, wheii 
they are buried either in the sea or in the earth, where they cannot 
undergo the putrid fermentation lor want of air. In these cases, 
they are subject to a peculiar change, by which they are converted 
into a new clasB of compounds called bittanens. 

Caroline* These are substances I never heard of before. 

Mrs, B. You will find, however, that some of them are very 
fiuniliar to yxra. Bitumens are vegetables so far decomposed as to 
retain no organic appearance ; but their origin is easily detected by 
their oily nature, their combustibility, the products of their analysis, 
and the impression of the forms of leaves, grains, fibres of wood, 
and even of animate, which they frequently bear. 

They are sometimes of an oily, liquid consistence, as the sub- 
stance called naphtha,* in which we preserved potassium ; it is a fine 
transparent, colorless fluid, that issues out of clays in some parts 
of Persia. But more frequently bitumens are solid, as asphoitum^ 
a smooth, hard, brittle substance, which easily melts, and lorms, in 
its liquid state, a beautiful dark brown color for oil painting. JeC, 
which is of a still harder texture, is a peculiar bitumen, susceptible 
of so fine a polish, that it is used for many ornamental purposes. 

Cod is also a bituminous substance, to the composition of which, 
both the mineral and animal kingdoms seem to concur. This most 
nseful mineral appears to consist chiefly of vegetable matter, mixed 
with the remains of marine animals and marine salts, and occasion- 
ally containing a quantity of sulphuret of iron, commonly called 
pyrites. 

Emily, It is, I suppose, the earthy, the metalhc, and the saline 
parts of ooals, that compose the cinders or fixed products of their 
combustion ; whilst the hydro^n and carbon, which they derive 
firom ve^tables, constitute theur volatile products. 

Carohne, Pray, is not cohe^ (which I have heard is much used in 
some manufactures) also a bituminous substance ? 

Mrt, B, No ; it is a kind of fuel ulificially prepared from coals. 
It consists of coals reduced to a substance analogous to charcoal 
by the evaporation of their bituminous parts. Coke, therefore, is 
composed of carbon, with some earthy and saline ingredients. 

&iccm or yeUtno amber , is a bitumen which the ancients called 
ekctrvm, from whence the word electricity is derived, as that sub- 
stance is peculiarly, and. was once supposed to.be exclusively eleo> 
trie. It is found either deeply buried in Uie bowels of the eaxth, or 

* Nai^tha appears to be the only fluid in which oxygen does not 
exist ; hence its property of preserving potassium, which has so 
strong an affinity for oxygen as to absorb it firom ail other fluids. 
It however loses this property by exposure to the atmosphere, 
probably because it absorbs a nnall quantity of air, or moisture. It 
IB again restored by distillalion. — C. 

1^19. What are bitamens, and how are they formed? 

1220. What is asphaltum ? 

1221. What 18 jet? 
12S2. What is coal ? 

1223. How does coke differ from coal ' . 
)224. What ia yeHow^^? 



(kMrtifl^ mi the sea, and is supposed to be aresinoi»bodyirliielilUDi' 
Iwen acted on by sulphuric acid, as its analysis i^oWs it to consist 
of an oil and an acid. The oil is called oiiqf amber; the aeid the 
$iiccinnic, 

Smihf. That oil I have sometimes used in painting, as it is redc- 
oned to change less thantthe other kinds of oil. 

Mrs. B, The last class of vegetable substances that have diang« 
ed tfieir nature vre fossil wood, feat^ and turf. These are composed 
of wood and itKrts of shrubs, that are partfy decomposed by being 
expoeed to moisture under ground, and yet in some measure, pre- 
serve their form and organic appearance. The peat, or black earth 
of the moors, retains but few vestiges of the roots to which it ewes 
its, richness and combustibUity, these snbstanees being in the course 
of time, reduced to the state of vegetable earth, ^t in«Cttzf the 
roots o( plants are still discernible, and it equalhr answers the pmv 
pose of fuel. It is the combustible used by the poor in heathy 
countries, which supply it abundanlJy. 

It is too kte this morning to enter into the history of vegetation 
We shall reserve the subject, therefore, to our next interview, 
when I expect that it will furnish us with ample matter finr another 
conversation. 



comnBRSATioir xxn. 

BISTORT OF VEGETATIOir. 

Mrs. B. The vegetable kingdom may be considered as the fink 
which unites the mineral and animal creation into one common 
chain of beings ; for it is through the means of vegetation alone that 
mineral substances are introduced into the animal system ; since, 
eeneraUy spesJdng, it is from vegetables that all animals ultimate- 
ly derive their sustenance. 

QtroUne. I do not understand that ; the human species subsist sa 
much on animal as on vegetable food. 

Nb's. B. That is true ; but jou do not consider that those that 
live on animal food derive their sustenance equally, though not so 
immediately, from vegetables. The meat wmch we eat is formed 
from the herbs of the field, and the prey of carnivorous animals pro* 
ceeds either directly or indirectly from the same source. It is, 
therefore, through this channel, that the simple elements become & 
part of the animal j&ame. We should in vain attempt to derive 
noonshment from carbon, hydrogen, and oxygen, eitner in their 
separate state or combined in the mineral king^m ; for it is only 

—————— III . I — ^-^ ■ I ■ I II II '-mtx^mmmmm^mmmm 

1S25. Where is it found ? 

Vasa. What aie foMiU wood, peat and turf? 

1827. Why does naphtha preserve potassium ? 

11196. Whatis eonsidend. as nnatiaff the mineial and animal flMa* 
tion? 

1S99.' Vton wbenoe do all ammals dsrffe their sostemaoe ^ 

1S90. In what state are carbon, hydregsni and osyfen* eapaUe of 
•ftfding noorishment ? 
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hf being Qiiited in Um form of Tegetable oombinntiMi tfant Aef W 
opme capable of conveying nourisEment. 

Emi^. Vegetation, then, seems to be the method which Nainra 
employs to prepare the food of animals ? 

. Mr$. B. That is certainly its prineijMd object. The vegetable 
ereation does not exhibit more wisdom m that admirable system of 
OTffanization, by which it is enabled to answer its own immediate 
ends of preservatiop, nutrition and propagation, than in its nand 
and ultimate object of forming those ananffements and coinbinar 
lions of principles, which are so well adapted for the nourishment 
of animals* 

Emify. But I am Teij curious to know whence vegetables obtain 
laoae princij^s which form their immediate materials ? 
i Mrs, B, This is a point on which we are yet so much in the dark 
that I cannot hope fuQy to satisfy your curiosity ; but what tittle 1 
know on this suoject, 1 shall endeavor to explam to you. 

The soil which at first view, appears to be the element of vegetar 
bles, is found on a closer investi^tion, to be little more than the 
rhannel through which they receive their nourishment ; so that it ie 
very possible to rear plants without any earth or soil.* 

* The opinion that water is the only food of plants, was adopted 
hj the learned on this subject in the 17th century ; and many ex- 
periments were made which seemed to prove that this was the 
iruth. Among others was a fiunous one by Van Helmont, which 
fat a long time was supposed to have established the point beyond 
'all doubt. He planted a willow which weighed five pounds, m an 
earthen vessel containing 200 lbs. of dried earth. This vessel was 
sunk into the ground, and the tree was watered, sometimes irith 
distilled, and sometimes with rain water. 

At the end of five years the willow weighed 169 lbs. ; and on 
weighing the soil, dried as before, it was found to have lost only two 
> ounces. Thus the willow had gauned 164 lbs., and yet its food had 
been only water. The induction from this experiment was obvious. 
Plants live on pure water. This, therefore, was the general opinion 
until the progress of chemistry detected its fallacy. Bergman, in 
1763, showed, by some experiments, that the water which Van Hel- 
mont had used, contained as much earth as could exist in the tree 
at the end of the Bye years ; a pound of water contained about a 
grain of earth. So that this experiment by no means proved that 
'Sie willow lived on water alone. Since tms time a ^reat variety of 
experiments have been made for the purpose of deciding what was 
the food of plants. In the course of these it has been found, that 
although seeds do vegetate in pure distilled water, yet the plant is 
weakly and finally dies before tne fruit is matured. 

It is prethr certain, then, that earth is absolutely necessary to the 

Eowth of plants, and that a part of their food is taken from the soiL 
deed, the well known foct that a soil is toom ou^ by a long snooee- 



»^1 



1831. Do vegeUUes receive their chief sliment from the soOuiwhieli 
w? 
Whattafmimma wag vmd$ ky HdmaU tQ €9eminm A§ mmar 
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CbrolnM. Of that we haye an instance in the hyadnth and other 
bulbous roota, which will grow and blossom beautifolly in elassesof 
water. But I confess I should think it wou)d be di£lcuTt to rear 
trees in a similar manner. 

Mrs^ B, No doubt it wou}d, as it is the burving of the roots in the 
earth that supports the stent of the tree. But. this office, besides 
that of afl^rding a vehicle for food, is far the. most important part 
iNfMch the earthy portion of the soil performs in the process of TOff- 
etation ; for we can discoyer by analysis, but an eaUremely sbkuI 
proportioh of earth in vegetable compounds. 

CaroUne, But if earths dp not a^Swd nourishnienty why is it ne- 
cessary to be ito attentive to the. prepainUton of the S(h1? 

.Mrs. B. In order to impart to it those c^ttalities which render 4l 
a proper vehicle for the food of the plant. Water is the chi^ nour- 
ishment of ve]^etables ; if, therefore, the soil be too sandy, it wiU not 
retain a quantity of water suffident to supply the roots of the plants. 
If, on the contrary, it abounds too mudi with clay, the water will 
lodge in such quantities as to threaten a decomposition of the roota. 
Calcareous sous are, upmi the -whole, the most favorable to the 
growth of plants : soils are, therefore, usually inOLproved by chalk, 
which you may recollect, is carbonat of lime. Different vegetabieB, 
however, require different kinds of soils. Thus, rice demands a 
most retentive soil ; potatoes, a soft sandy soil ; wheat, a firm and 
rich so3. Forest trees grow better in fine sand, than in a stifif clay ; 
and a light ferruginous soil is best suited to fruit trees. 

OotroUne, But pray what is the use of manuring the soil ? 

Mrs. B. Manure consists of all kinds of substances whether of 
vegetable or animal origin, which have undergone the putrid fer- 

sion of crops, and finally becomes sterile, unless manured, is good 
proof that plants do absorb something from it. 

SausBure has shown that this is the fact, and also that the earth, 
which is always found in plants, is of the same kind as that on 
which they grow. Thus trees growing in a granitic soil, contain a 
large proportion of silica, while those growing in calcareous soil, 
eontain little silica, but a great proportion of calcareous earth. 

In addition to what plants absorb from the ground, there is no 
doubt but tiiey obtain a part of their nourishment from water and 
air« Soine experiments made at Berlin, show that wheat, barley, 
Ac. eontain a quantity of earth though fod only on distilled water. 

From the air, plants absorb carbonic acid gas. The carbon thej 
retain, which forms the ^atest part of their bulk. The oxygen w 
emitted, and goes to punfy the atmosphere. 

Thus it is seen that plants obtain their food from the earth, from 
water, and from the air. — C. 

1234. WluU facts did Saussure discover rsUoing to this svbjeetf 

1235. Whence do pUmtsdmioe their fiodf 

1S36. If earths do not afford nourishment, why is it neoesiary to be 
so iMurttcolar in enriching fhe soil ? 
. 1237. What is the nourishment of vegetables? 

1238. What is the conseqoenoe to vegetables if the soU is Iw 
sandy f* 

1^. 



What If it aboQiids too mQ<^ wtth elay ? 
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iii49iitatiexi, and are conBeqnently decomposed, or nearly so, into 
their elementary principles. And it is requisite that these vegeta- 
ble matters should be in a state of decay, or^ approaching decompo- 
sition. The addition of calcareous earth, in uie state of chalk or 
lime, is beneficial to soch'soils, as it accelerates the dissolution of 
Tegetable bodies. Now, I ask you, i^at is the utility of supplying 
the soil with these decomposed substances ? 

Caroline, It is, I suppose, in Order to furaish Teffetables with the 
principles whi<^ enter into their composition. For manures not 
only contain carbon, hydrogen and oxygen, but by their deconEipo> 
flitioB supply the soil with these prindples in> their elementary form.* 

Mrs, jB. Undoubtedly ; and it is ior this reason that the finest 
crops are produced in fields that were formerly covered with woods, 
becau|e their soil is composed of a rich mould, a kind of vegetable 
earth which abounds in those principles. 

EmUy, This accounts for the plentifulness of the crops prodnoed 
in America, where the country was, but a lew years since, oovesed 
with wood. 

CaroUne. But how is it that animal substances are reckoned to 
produce the best manure ? Does it not appear much more natural 
that the decomposed elements of vegetables should be the most ap 
propriate to tiie formation of new vegetables ? 

Mrs. B, The addition of a much greater proportion of nitrogen^ 
nidch constitutes the chief differ^M^ between animal and vegeUible 
matter, renders the composition of the former more complicated and 
consequently more fieiYorable to decomposition. 

Indeed ^e use of animal substance is chiefly to give the first im- 
pulse to the fermentation of the vegetable ingredients that enter in* 
to the composition of manures. The manure of a farm yard is of 
that description ; but there is scarcely any substance susceptible of 
undergoing the putrid fermentation, that will make good manure. 
The heat produced by the fermentation of manure is another cir- 
cumstance which IB extremely favorable to vegetation; yet Uiis 
heat would be too great if the manure was laid on the ground dnzing 
the height of fermentation ; it is used in this state only finr hot-beds 
to produce melons, cucumbers, and such vegetables as require a very 
high temperature. 

Oroftfie. A difficult]^ has just occurred to me which I do not 
know how to remove. Since all organized bodies are, in the com- 
mon course of nature, ultimately reduced to th^ elementary state, 
they must necessarily in that state enrich the soil, and afiford Ibod 
for vegetation. How is it then, that affricultore, which cannot in- 
crease the quantity of those elements uiat are required to maaaro 
the earth, can increase its products so wonderfully, as is found to 
be the case in all cultivated countries? 



*Bat what is the use of all this, if ''water is the chief noomh- 
ment of vegetables ?" — C. 

1240. What 18 the use of decomposed substanees as is feuftd itt 
n^anure ? 

1941. Whv are the best crops produced on new lands, or where thej 
«ieie recently covered with wood? 

1242. Why do animal sobstaiioes make the beat mum€t 



TBOETATIOli; 93^ 

A&*9. B, It is by soffeiiiig none of these decs^ing bodies to be 
dispersed and wasted, but in applying them duly to the soil. It is 
"bIso by a judicious pieparation of the soil, which consists in fitting 
it either for the general purposes of vegetation, or for that of the 
p£u:ticular seed which is to be sown. Thus, if the soil be too wet, 
It may be drained ; if too loose and sandy, it may be rendered more 
consistent and retentive of water by the addition of clay or loam ; 
it may be enriched by chalk, or any kind of calcareous earth. On 
soils thus improved, manures will act with double efficacy ; and if 
attention be paid to spread them on the ground at a proper i^eason 
of the year> to mix them with the soil, so that they may be general- 
ly diffused through it, to destroy the weeds which might appropri- 
ate these nutritive principles to their own use, to remove the stones 
which would impede the growth of the plant, we may obtaii^a pro- 
duce an hundred fold more abundant than the earth would sponta- 
neously supply. 

Emtb/. We have a very striking instance of this in the scanty 
produce of uncultivated commons, compared to the rich crops of 
meadows which are occasionally manured. 

Caroline. But, Mrs. B., though experience daily proves the ad- 
vantages of cultivation, there is sttil a difficulty whicn I cannot get 
over. A certain quantity of elementary principles exist in nature, 
which it is not in the power of man either to augment or diminish. 
Of these principles, you have taught us that both the animal and 
vegetable creations are composed. Now the more of them is taken 
up by the vegetable kingdom, the less it would seem will remain 
tor animals ; and therefore the more populous the earth becomes, 
the less it will produce. 

Mrs, B. Your reasoning: is very plausible ; but experience every 
where contradicts the inference you would draw firom it; since 
we find that the animal and vegetable kingdoms instead of thriving 
as you' would suppose, at each other's expense, always increase 
and multiply together. For you should recollect that animals can 
derive the elements of which they are formed only through the me- 
dium of vegetables. And you must allow that your conclusion 
would be vsdid only if every particle of the several principles that 
could possibly be spared from other purpose^, were employed in 
the animal and vegetable creations. Nomjj we have reason to be- 
lieve that a much greater proportion of these principles than is re- 
quired for such puI^IGSes, remains either in an elementary state, or 
engaged in a less useful mode of combination in the mineral king- 
dom. Possessed of such immense resources as the atmosphere and 
the waters afibrd us, for oxygen, hydrogen and carbon, so far from 
being in danger of working up all our simple materials, |ve cannot 
suppose that we shall ever bring agriculture to such a degree of 
pertection as to require the whole of what these resources coidd 
supply. 

Nature, however, in thus furnishing us widi an inexhaustible stock 

1243. How is it that agriculture, which cannot increase the quantity 
of those elements that are required to manure the earth, so greatly in- 
crease its vegetable products ? 

1244. Of what are the vegetable and animal creation composed ? 

1245. What objection is made to the principles stated for the increase 
of vegetable productions? 

12to. How is this objection answered ? 



of raw materiak, leaves h in sooie meaaoie to the ingenuhY of i 
to appropriate them to his own purposes. Bat, like a kinJ parent, 
she stimnlates him to exertion, by setting the example, and point- 
ing out the'way . For it is on the operations of Nature that all the 
improvements of art are founded. The art of agncultiure oonsistB, 
therefore, in discovering the readiest method of obtaining the seve- 
ral principles, either m>m their grand sources, air and vrater, or 
from the decomposition of organized bodies ; and in i^ropiiadng 
them in the best manner to the purposes of vegetation. 

Ihuly. But, among the sources of nutritive principles, I am sur- 
prised that you do not mention the earth itself, as it contains aboD- 
dance of coals, which are chiefly composed of cari>on. 

Mrs, B. Though ooais abound in carbon, they cannot on aceonot 
of their hardness and impenneable texture, be immediately subser- 
vient to the purposes of vegetation ; and we find, on the contraiy, 
that coal districts are generally barren. 

Efmfy. No ; but by their combustion, carbonic acid is produoed ; 
and this entering into various combinations on the soifio^ of the 
earth, may, perhaps, assist in promoting vegetation. 

Afr5. B. Probably it may in some degree ; but at any rate, the 
quantity of nourishment which vegetables may derive from that 
source can be but very trifling, and must entirely depend on local 
circumstanoes. 

Caroline. Perhaps the eaucky atmosphere of London is thecanae 
ef vegetation being so forward and so rich in its vicinity ? 

Mrs. B. I rather believe that this cireumstance proc^sds from the 
very ample supply of manure, assisted, perhaps, by the warmth and 
shelter which the town aflbrds. Far from attributing any good to 
the smoky atmosphere of London, I confess I like to antjeipate the 
time when we shall have made such progress in the art of managing 
combustion, that every particle of carbon will be consiimed, and 
the smoke destroyed at the moment of its production. We may then 
expect to have the satis&ction of seeing the atmosphere of lioodoa 
as clear as that of the ooontry . But to return to our subject ; I hope 
that you are now convinced that we shall not easily experience a 
deficiency of nutritive elements to fertilize the earth, and that pro- 
vided we are but industrious in appljring them to the best advantage - 
by improving the art of agriculture, no limits can be assigned to the 
firnits that we may expect to reap from our labors. 

OtroHne. Yes : I am perfectly satisfied in that reqwet, and I can 
assure you that I feel already much more interested in the progreaa 
and improvement of agriculture. 

BmUy. I have frequently thought that the culture of the land wae 
not considered as a concern of sufficient importance. Mannfrctores 
always take the lead ; and health and innocence are frequently sa- 
crificed to the prospect of a more profitable employment. It has 
often grieved me to see the poor manu&cturen crowded together 

1247. In what does the art of agricultoie Gonaist ? 

1248. Why cannot coab be immedialely sobservient to the purposes 
of vesetaticMi? 

12&. Is there any occasion to apprehend a deficiency of nntrilive 
elements to fertilise the earth ? 
1250. What objeetioii is made iomamifiwtarea? 
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ia eiose looms, and confined for thd whdle day to tiie moat unilcirm 
and sedentary emi^yinent, instead of beinff engaged in that in- 
■oceot and salutary kind of labor, whieh Nature seems to have 
assigned to man for the immediate acquirement of comfort, and for 
ibd preservation of his existencci I am sure that you agree with 
me, m thinking so, Mrs. B. 

1^8. jB. I am entirdiy of your opinion, my dear, in regard to the * 
importance of apiculture ; but as the conveniences of life, which 
we are all enjoying, are not derived merely from the soil, I am far 
6om wishing to depreciate maaufactures. Besides^ as the labor of 
ope man is sufficient to produce food for several, those whose in* 
dustry is not required in tUlage must do something' in return for the 
(bod that is proved for them. They exchange, consequently, the 
accommodations for the necessaries oi life. Thus the carpenter and 
the weaver lod^e and clothe the peasant, who supplies them with 
their daily bread. The greater stock of provisions, therefore, which 
the husbandman produces, the greater is the quantity of accommo- 
dation, irhich the artificer prepares. Such are the happy efiects 
which naturally result from civilized society. It would.be wiser, 
therefore, to endeavor to improve the situation of those who ara 
engaged in manu^tnres, than' to indulge in vain declamations on 
the hardships to which they are too frequently exposed. 

But we must not yet take our leave of the subject of agriculture ; 
We have prepare the soil^ it remains for us now to sow Uie seed.-^ 
in this operation, we must be careful not to bury it too deep in the 
ground, as the access of aii is absolutely necessary to its germina- 
tion ; the e^h must, therefore, Ue loose and light over it in order 
that the air may penetrate. Hence the use of ploughing. and dig- 
ging, harrowing and raking, Slg, A certain degree of heat and 
moisture, such as usually takes place in the spring, is likewise 
necessary. 

Caroline, One would imagine you were goiijg to describe the 
decomposition of an old plant, rather than the formation of a new 
one ; for you have enumerated all the requisites of fermentation. 

Mrs, B. Do you forget, my dear, that the young plant derives its 
existence from the destruction of the seed, and that it is actually by 
the saccharine fermentation that the latter is decomposed } 

CaroUne, Trae ; I wonder that J did not recollect that. The tem- 
perature and moisture required for the germinatioH of the seed is 
then employed in producing the saccharine fermentation within it? 

Mrs, 13.* Certainly. But, in order to understand the nature of 
germination, you should be acquainted with the different parts of 
which the seed is composed. The external covering or envelope 
contains, besides the germ of the future plant, the substance which 
is to constitute its first nourishment ; this substance, which is called 
i^^ parenckymaj consists of fecula, mucilage, and cnl, as we formerly 
obsOTved. 

1251. For how m&ny persons can one man in agricultural labor pro- 
duce food ? 

1252. Why is this a reason for encouraging roanu&ctures? 

ISSol^ What is the use of ploughing, digging, harrowing, raking, 
dec., in agriculture ? 

34 • 
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The seed is generally divided into two compartments called Mis^ 
or cotyledons, as is exemplified by this bean, (Fi^. 36;) — ^the dark 
(fig. 36.) colored kind of string which divides the lobes is 
called the radicle, as it forms the root of the plant/ 
and it is firom a contiguous substance called plu- 
mtUay which is enclosed within the lobes, that the 
stem arises. — The figure and size of the seed de- 
pend very much upon the cotyledons ; these Tary in 
number m different seeds ; some have only one, aa 
wheat, oats, barley, and all the grasses ; some have 
three, others six. But most seeds, as for instance, all the varieties 
of beans, have two cotyledons. When the seed is buried in the 
earth, at any temperature above 40 degrees, it imbibes water, 
whidi soflens and swells the lobes ; it then absorbs oxygen, which 
MMBbtnes with some of its carbon, and is returned ia the fonn of 
carbonic acid. This loss of carbon increases the comparative pro- 
portion of hydrogen and oxygen in seed, and excites the saccharine 
fermentation by which the parenchymatious matter is converted 
into a kind of sweet emulsion. In this form it is carried into the 
odicle by vessels appropriated to that purpose ; and in the mean- 
time, the fermentation having caused the seed to burst, the cotyle- 
dons are rent asunder, the radicle strikes into the ground and 
becomo^ the root of the plant, and hence the fermented liquid is 
eonveyed to the phimula, whose vessels haye been previoudy dis- 
tended by the heat of the fermentation. The plumula being thus 
swelled, as it were, by the emulsive fluid, raises itself and springs 
up to the surface of the earth, bearing with it the cotyledons, which,, 
as soon as they come in contact with the air, spread themselves, and 
sre transformed into leaves.— rlf we ^o into the garden, we shallr 
probably find some seeds in the state in which I have described. 

EmUy. Here are some little lupines that are just making their 
appearance above ground. 

Mrs. B. We shall take up several of them to observe their dif* 
ferent degrees of progress in vegetation. Here is one that has but 
recently burst its envelope— do you see the little radicle striking 
downwards ? (Fig. 37, No. 1.) In this the plumula is not yet ynat* 
ble. But here is another in a greater state of forwardness — ^the 
plumula, or stem, has risen out of the ground, and the cotyledons 
are converted into seed-leaves. (Fig. 37, No. 2.) 

OaroUne. These leaves are very thick and clumsy, and, unlike 
the other leaves, which I perceive are just beginning to appear.. 

Mrs. B. It is because they retain the remains of the parenchyma, 
witli which they still continue to nourish the young plant, as it has 
not yet sufficient roots and strength to provide for its sustenance 
firom the soil. But, in this third lupine, (Fig. 37, No. 3.) the radicle 
had sunk deep into the earth, and sent out several shoots, each of 

" '■ — ■ * ■ ■ ' ■ ' ■ " 

1954. What part of the seed is called cotyledons? 
1965. What part is called radicle ? 

1956. What part is called plumula ? 

1957. At what temperature will eeeds germinate .' 
1258. How would you describe the process of germiaaUon m 
1959. What do Noe. 1 and 2 of Fig. 37, represent ? 
1260. What does No. 3, in Fig. 397 represent ? 




Fig. 37. wbielhisfuiiuBhedwithamoalh 

to suck up noajishment from 
the soil; the fanction of the 
ofiginal leaves, therefore, be- 
iog no loneer required, they 
are ffradnsuly decaying, and 
the plumula is become a regu- 
lar stem, shooting out small 
branches, and spreading its 
foliage. 

JESufy, There seems to be a 
yerjr striking analogy between 
aseed and an egg ; both require 
an elevation of temperature to 
be brought to life ; both at first 
supply with aliment the organ- 
ized being which they produce ; 
and as this has attained suffi- 
cient strength to procure its 
ovm nouiishment, the egg- 
shell breaks, whilst in the plant 
the seed leaves fall off. 

Mrs, B. There is certainly 
some resemblance between 
Y\m. 36 and 37, Jo. 1. A B, Ootytodon. these processes; and when 

C, Envelope^ D, Radicle. Fig. 37, No. 2. „_, uJl^«-« «»«»,«L«x^ ,^i,\, 
A B,CotyiSdon8.c, Plumula. D,4adicie.yo^ become acquamted with 
>Fig. 3^ No. 3. A B, Cotyledon. C,Piamuia. animal chemistry, you wul 

D, Kadiciet frequently be struck with its 
analogy to that of the vegetable kingdom. 

As soon as the youn^ plant feeds from the soil, it requires the 
assistance of leaves, which are Uie organs by which it throws off 
its superabundant fluid; this secretion is much more plentiful in 
the vegetable than in the animal creation, and the great extent of 
sttr£u>e of the foliage of plants is admirably calculated for carrying 
it on in sufficient quantities. This transpired fluid consists of little* 
more than water. The sap, by this process, is converted into a 
liquid of greater consistence, which is fit to be assimilated to its 
several parts. 

Emily. Vegetation, then, must be essentially injured by destroy- 
ing the leaves of the plant. 

Mrs, B. Undoubtedly ; it not only diminishes the transpiration, 
but also the absorption by the roots; for the quantity of sap ab- 
sorbed, is always m proportion to the quantity of fluid thrown off 
by transpiration. You see, therefore, the necessity that a young 
plant should unfold its leaves as soon as it begins to derive its nour- 
ishment from the soil ; and, accordingly, you will find that those 
lupines which have dropped their seed-leaves, and are no longer 
fed by the parenchjrma, have spread their foliage, ii^ order to per- 
form the office just described. 

1261. What purposes do the leaves of vegetables answer during their 
growth? ^ 

19U8. What will be the injury to vegetation if the leaves are de- 
■tioyed.' 



But I ahould iofiMiii yoa that tfab loiietiMi of tna^iEalioit a e omn 
to be odnfifled to tbe upper smhce of the leaves, whilst on the 
oontnry, Ihe lower sm&oe, whidi is more tooj^ and uneven, and 
Ivnuahed with a kind of hair or dovni, is destined to absorb moia- 
tDie, or aoch other ingiedients as the plant denves firom the 
atmosphere. 

As soon as a yoong plant makes its appeaianee aboTe ground, 
light, as well as air, beeomea neeessary to its Reservation. Light 
ii es s en tial to the developement of the colon, and to tlie thriving 
of the plant. Ton may have often observed what a predileetion 
vegetables had Ibr ihe hghu If yon make any plants grow in a 
loom, they all sinead their leaves, and extend their bnmches to*- 
wards the vdndows. 

Caroline. And many plants dose np their ikywers as soon as it 
is dark. 

JBatify. Bat may not this be owing to the cold and dampness of 
the evening air? 

Afrs. B. That does not appear to be the case ; for in the course 
of cmrioos experiments, made by Mr. Senebier of Geneva, on plants 
which he reared by lamp-light, he foond that the flow^s closed 
their petals whenever the lamps were extinguished. 

J^ify. Bat, pray, why is air essential to vegetation ? Plants do 
not brMthe it like animals. 

Mrs. B. At least, not in the same manner ; bat they cotainly 
llerive some principles finom the atmosphere, and yield others to it. 
Indeed it is chiefly owing to the action of the atmosphere and the 
vegetable kingdom on each other, that the air cootinues always fit 
for respiration. Bat yoa will understand this better when I have 
explained the effect of water on plants. 

1 have said that water forms the chief nourishment of plants ; it 
is the baeds not only of the sap^ but of all the vegetable juices. 
Water is the vehicle which carries into the plant the various salts 
and other ingredients required for the foruiation and support of the 
^vegetable system. Nor is this all ; part of the water itself is de- 
composed by the organs of the plant ; the hydrogen becomes a 
constituent part of oil, of extract, of coloring matter, &c., whilst a 
portion of the oxygen enters into the formation of mucilage, of 
fecula, of sugar, and of vegetable acids^ But the greater part of 
the oxygen proceeding from the decomposition of the water is con- 
verted into a gaseous state by the caloric disengaged from the 
hydrogen during its condensation in the formation of the vegetable 
materuds. In mis state, the oxygen is transpired by the leaves of 

Slants when exposed to the sun's rays, Thu9 you find that the 
eccMBposition of wat^, by the organs of the plant, is not only a 
means of supplying it with its chief ingredient, hydrogen, but at 
the same time of replenishing the atmo^here with oxygen, a prin- 
ciple which requires continual renovation, to make up for the great 
eonsumption of it occasioned by the numerous oxygenations, com" 
" — ■ • — — — » 

1963. How does the under side of leaves di^r from the upper side ? 
> 1264. Of what use is light in the growth of vegetables ? 
. 1266. Of what use is air in vegetation ? 

1266. How are the various salts and other ingredients requii^ for thcr 
formatiou and support of the vegetable system carried into plants.' 
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trastions, and respinlions, that are eonalahtly taking plaoe on the 
sorface of the glohe.* 

Dndfy. What a striking instance of the hannony of natnie ! 

Mrs, B, And how admirable the design rf Prondenoe, who 
makes every different part of the creation thus contribute to the 
support and renovation of each other ! 

But the intercourse of tba vegetable and animal kingdoms, 
through the medium of the atmosphere^ extends still further. Ani- 
mals, in breathing, not only consume the oxygen of the air, but 
load it with carbonic acid, which, if aocnmulated in the atmosphere, 
would, in a short time, render it totally unfit for respiration. Here 
the vegetable kingdom again interferes ; it attracts and decomposes 
the carbonic acid, retains the carbon for its ovni purposes, and re- 
tums the oxygen for onrs.f 

Caroline, How interesting this is ! I do not know a more beau- 
tiful illustration of the wisdom which is displayed in the laws of 
nature. 

Mrs, B, Faint and imperfect as are the ideas which our limited 
perceptions enable us to form of divine wisdom, still they cannot 
fail to inspire us with awe and admiration. What, then, would be 
our feelings, were the complete system of nature at once displayed 
before us ! So magnificent a scene would probably be too great for 
our limited comprehension ; and it is, no doubt, among the wise dis- 

* The foregoing paragraph might mislead the student. Indeed it 
seems to have been written vtithout regard to proper authorities. — 
For instance, there is no proof that water is decomposed by the 
organs of plants : nor is it in the least degree probable that the 
oxygen emitted by them owes its gaseous state to the caloric set free 
by the condensation of hydrogen. Authors on this subject, agree 
that the thickest veU covers the process by which the sap \& con- 
verted into the several parts of the plant. But it has been demon- 
strated, that most, if not all the oxygen emitted by the leaves, is 
obtained by the decomposition of air, instead of water, as here 
stated. If leaves are exposed to ^e rays of the son, while under 
common water, they emit oxygen. But if the water is first deprived 
of its air, by an air pump, or by boiling, not a particle of oxygen is 
emitted. Now, atmospheric air always contains a quantity ot car- 
bonic acid gas, and experiments show that plants give out oxygen, 
in some proportion to the quantity of this gas contained in the water. 
The fact then seems to be, that plants absorb carbonic acid, that 
this is decomposed by some unknown process ; the plant retaining 
the carbon, wnile the oxygen is given oi^t.— C. 

f It is a carious fact, demonstrated by experiments, that the leaves 
of plants perform different offices at di&rent periods of the 24 hours. 
During the day they ^ve out water, absorb carbonic acid, and emit 
oxygen gas ; but during the night they absorb water, and oxygen 
gas, and give out carbonic acid. — C. 

1267. How do animal and vegetable life mutually support each 
other? 

12G8. What curious fact is staled of ths Uaves of vegetdUes in tks 
mouf 

1269. What in the organization of natore is particularly suited to the 
ational powers of man" 
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penalioiui of PiondeiM^, to veil the splendor of a glory wita whieh 
we should be overpowered. But it is well suited to a rational being 
to explore step by step, the works of the creation, to endeavor to 
connect them mto harmonious systems ; and, in a word^ to trace, in 
the chain of beings, the kindred ties and benevolent design whi(^ 
unites its various links, and secures its preservation. 

Caroline. But of what nature are the organs of plants which are 
endued with such wonderful powers? 

Mrs. B. They are so minute that their structure, as well as the 
mdde in which • they perform their functions, generally elude our 
examination ; but we may consider them as so many vessels or ap- 
paratus appropriate to perform, with the assistance of the principle 
of life, certain chemical processes, by means of which these vegetar 
ble compounds are generated. We may, however, trace the tannin, 
resins, gums, mucilage, and some other vegetable materials, in the 
organized arrangement of plants, in which they form the bark, the 
wood, the leaves, flowers, and seeds. 

The bark is composed of the epidermif, the pardlchymaj and the 
tOTtkal lasers. 

The epidermis is the external covering of the i^ant. It is a thin 
transparent membrawe, consisting of a number of slender fibres, 
Grossing each other, and fomung a kind of net .work. When of a 
white glossy nature, as in several species of trees, in the stems of 
oom and of seeds, it is composed of a thin coating of siUceous earth, 
which accounts for the strength and hardness of those long and slen- 
der stems. Sir H. Davy was led to the discovery of the siliceous 
nature of the epidermis of sueh plants, by observing the singular 
phenomenon of sparks of fire emitted by the collision of rattan canes 
with which two bo3nB were fighting in a dark room. On analyzing 
the epidermis of the cane, he found it to be almost entirely siliceous.* 

Caroline. With iron, then, a cane I suppose, will strike fire very 
easily ? 

Mrs, B. I understand that it will. In evergreens, the epidermis 
is mostly resinous, and in some few .plants is formed of wax. The 
resin, from its want of affinity for water, tends to preserve the plant 
from the destructive efl[ects of violent rains, severe climates, or in- 
clement seasons, to which this species of vegetables is peculiarly 
exposed. 

±}miiy. Resin must preserve wood just like a varnish, as it is the 
enehtial ingredient of varnishes. 

Mrs. B. Yes ; and by this means it prevents, likewise, all mi- 
necessary expenditure of moisture. 

The parenchyma is immediately beneath the epidermis ; it is that 

* In the scouring rash, {Equisetum h/emale) the siliceous epidei<r 
mis is still more obvious. If drawn across a piece of soft metal, as 
silver or copper, it cuts it like a file. It even makes an impressioii 
on the hardest steel. — C. 



^ 1270. Of what is bark composed f 

1271. What is the epidermis? 

1372. In what manner was Sir H. Davy led to discover the siUceons 
nature of the epidermis of particular plants ? 

1273. How does resin tend to preserve the plant.' • 

JL274. What is the parenchyma ' 



green rind whieh appesrs when yon strip a* bnuMsh of any tiM ot 
ahmb of its external coat or bark. The parenchyma is not confined 
to the stem or branches, but extends over every part of the plant* 
It forms the green- matter of the leaves, and is composed of tnbes' 
filled with a peculiar juice. 

The cortical layers are immediately in eontaet with the wood ; 
fhey abound with tannin and gallic acid, and oonnst of smaU ves- 
sels through ^hich the sap descends after being elaborated' in the 
leaves. The cortical layers are annually renewed, the old bark 
beinff converted into wood. 

Mrs. B, That function is performed by the tubes of the alburnum 
or wood, which is immediately beneath the cortical layers. The 
wood is composed of woody fibre, mucilage, and resin. The fibres 
are disposed in two ways: some of them longitudinally, and these 
fi>rm what is called the silver grain of the wood. The others which 
are concentric are called the spurious grain. These last are dispo- 
sed in layers, from the number of which the age of the tree may be 
computed, a new one being nroduced annually by the conversion of 
the bark into wood. The olaest and consequently most internal part 
of the alburnum, is called heart wood ; it appears to be dead, at least 
no vital functions are discernible in it. It is through the tubes of 
die living alburnum that the sap rises. These, therefore, spread 
nto the feaves, and there communicate with the extremities of the 
vessels of the cortical layers, into which they pour their contents. 

QxroUne, Of what use, then, are the tulles of the parenchyma, 
dnce neither the ascending nor descending sap passes through them ? 

Mrs. B. They are supposed to |>erfi>rm tl]^ important function of 
secreting from the sap the peculiar juices from which the plant 
more immediately derives its nourishment. These juices are very 
conspicuous, as the vessels which contain them are much larger 
than those through which the sap ciroulates. The peculiar juices 
of plants differ much in their nature, not only in dififerent species of 
vegetables, but frequently in dififerent parts of the same individual 
pl^t ; they are sometimes saccharine, as in the sugaiH^ane, sottis* 
times resinous as in firs and evergreens, sometimes of a milky ap- 
pearance as in the laurel. 

EmUy. I have ofien observed, that in breaking a young shoot, or 
in bruising a leaf of laurel, a milky juice will oooe out in gMil 
i^undance. 

Mrs. B. And it is by making incisions in the bark, that pitch, tar, 
and turpentine* are obtained from fir trees. The durability of this 
species of wood is chiefiy owing to the resinous nature of its peeuliar 

* Turpentine is obtained as described in the text. BnC tar and 

Sitch are obtained by a very dififerent method. A conical cavite » 
ug in the earth, at the bottom of which is placed a reservoir. Over 
this are piled billets of fir wood, forminjgf a large pile. The pile u 
covered with tmrf to smother the &[e which is kmdied at the top. As 
tha wood is heated, and gradually converted into charooal, the tar is 

Y 1V5. Through what does the sap ascend f 
1276. Of what is the wood composed ? 
1977. How are the^fibres disposed ? 
7^8. Of what use are the tubes of the parenchyma? 
1S99« How may pitch, tar, and turpentme be omsined ? 



jaiees. The Tolitfle oiIb have, in a great measme, the same prases* 
tatiTe e£bct8, as they defend theparts with which they aire oomiect- 
edyfirom the attack of insects. This tribe seems to have as great an 
aTersi^m to perfumes, as the human species have delight in them. 
They scaioely ever attack any odoriferous parts of pluits, and it is 
not uncommon to see every leaf of a tree destroys by a blight, 
whilst the blossoms remain untouched. Cedar, sandal, and all aro- 
matic woods are, on this account, of great durability. 

EmOu. But the wood of the oak, which is so much esteemed fan 
its durability, has; 1 believe, no smell. Does it derive this qnalilj 
fimn its hardness alone I 
. Mrs. B, Not entirely ; for the chestnut, though conaidexably hazd- 
er and firmer than the CKsdc, is not so lasting. The durability of the 
oak, is, I beheve, in a great measure, owing to its having very little 
heart wood, the alburnum preserving its viul functions longer than 
in other trees. 

Caroline. If incisions are made into the alburnum and cortieal 
layers, may not the ascending and descending sap be procured in 
tl]« same manner as the pecumr juice is from the vessel of the p»- 
lenchyma? 

Mrs. B. Tea ; but in order to obtain specimens of these fluids, in 
any quantity, the experiment must be made in the spring, when 
the sap circulates with the fifreatest energy. For this purpose a 
small bent glass tube should be introduced into the incisi<m, throogh 
which the sap may flow without mixing with any of the other jmoes 
of the tree. FmoL the bark the sap wul flow much more plentiful- 
ly than from the wood, as the ascending sap is much more liquid, 
more abundant, and more rapid in its motion, than that which de- 
scends ; for the latter ha?ing been deprived by the operation of the 
leaves of a considerable part of its moisture, contains a much great- 
er proportion of solid matter, which retards its motion. It does not 
appear that there is any excess of descending sap, as none ever ex- 
udes from the roots of plants ; this process, therefore, seems to be 
carried on only in proportion to the wants of the plant, and the sa^ 
descends no farther, and in no greater quantity than is required to 
nourish the several organs. Therefore, though the sap nses and 
descends in the plant, it does not appear to undergo a real dreulsr 
tion. 

The last of the organs of plants, is the flower , oi Uossom^ whkit 

driven out, and runs into the cavity, and finally into the zesenroir. 
Tai ie a mixture of rem, emfyreumatic oil, charcoal, and acetic wad. 
The color is derived from the charcoal. Pitch is made by boiling 
tar, by wfaidi its more volatile parts are driven off. — C. 

1280. On what are the durability of cedar, sandal, and all aiomaUB 

Woods depending ? 

* 1281. On what is the durabUity of oak dependmg? 
1262. CfukatistarsaidimthenotetoconsisiP 
1333. At what time in the year does the siqi oimilate with 



1264 



L Why win wsn flaw moie plentifully from the baik than fleoi 
the wood? 
19B&. WhatktlK vMimalt pupose of natue Ip tiie wfetabfe 
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pfodaoes theyhitto and seed. These may be considered as the idti- 
mate purpose of nature in the vegetable creation. From fruits and 
aeeds animals derive both a plentiful source of immediate nourish- 
ment, and an ample provision for ' the re-production of the same 
means of subsistence. 

The seed which forms the final products of mature plants, we 
have already examined, as constituting the first rudiments of future 
vegetation. 

These are the principal organs of vegetation, by means of which 
the several chemical processes which are carried on during the life 
of the plant are performed. 

Emuy. But how are the several princii^es which enter into the 
cmnposition of vegetables, so combmed by the organs of the plant, 
as to be converted into vegetable matter .> 

Mrs, B, By chemical processes, no doubt ; but the apparatus ia 
which they are performed, is so extremely minute as completely to 
elude OUT examination. We can form an opinion, therefore, only 
by the result of these operations. 

The sap is evidently composed of water, absorbed by the roots 
and holding in solution the various principles which it derives from 
the soil. From the roots the sap ascends through the tubes of the 
alburnum into the stem, and thence branches out to every extrem- 
ity of the plant. Together with the sap circulates a certain quan- 
tity of carbonic add, which is gradually disengaged from the former 
by the internal heat of the plant. 

Caroline, What ! have vegetables a peculiar heat, analogons to 
animal heat > 

Mrs, B, It is a circumstance that has loncf been suspected ; but 
late experiments have- decided beyond a doubt that vegetable heat 
is considerably above that of unorganized matter in winter, and be- 
low it in summer. The wood of a tree in its interior, is about sixty 
degrees when the thermometer is at seventy or eighty degrees in 
the air. And the bark, though so much exposed, is seldom below 
forty in winter. 

It is from the sap after it has been elaborated by the leaves, that 
vegetables derive their nourishment ; in its progress through the 
plant from the leaves to the roots, it deposits in the several sets of 
vessels with which it commnnicates, the materials on which the 
growth and nourislunent of each plant depends. It is thus that the 
various peculiar juices, saccharine, oily, mucous, acid, and color- 
ing, are formed ; as also the more solid parts, fecula, woody-fibre, 
tannin, resins, concrete salts ; in a word all the immediate materials 
of vegetables, as well as the organized parts of plants, which latter, 
besides the power of secreting these from the sap, for the general 
puipoee of the plant, have alM that of applying tnem to their owe 
particular nourishment. 

Emiiy. But why should the piooess of vegetation take place only 

1286. How are the several principles which enter into the compo- 
sition of vegetables so eaaAAitd. by the organs of the plant as to be 
converted into vegetable matt^ ? 

1287. How doei the temperatoie of vegetables oompars with that of 
im<Mnnmzed matter .' 

1298. How are the several pieces as well as more solid parts of vegw 
•tables formed ? 

26 
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^t one season of the year, whilst a total inaction prevails daring- the 
other ? 

Mrs. B. Heat is sacK an important chemical agent, that its ef> 
feet as such, might perhaps, alone, account for the impulse which 
the Spring ffives to vegetation. But, in order to explain the me- 
chanism of that operation, it has been supposed that the warmth of 
Spring dilates the vessels of plants, and produces a kind of vacuum, 
into which the sap (which had remained in a state of inaction m the 
trunk during the winter) rises ; this is followed by the ascent of the 
sap contained in the roots, and room is thus made for fresh sap, 
which the roots in their turn pump up from the soil. This process 
goes on Ull the plant blossoms and bears fruit, which terminates its 
summer career; but when the cold weather sets in, the fibres and 
vessels contract, the leaves wither, and are no longer able to per- 
form their office of transpiration ; and as this secretion stops, the 
roots cease to absorb sap from the soil. If the plant be an annual, 
its Ufe then terminates ; if not, it remains in a state of torpid inac- 
tion during the winter, or the only internal motion that taxes place 
is that of a small quantity of resinous juice, which slowly rises from 
the stem into the branches, and enlarges their buds during the win- 
ter. 

OaroUne. Yet, in evergreens vegetation must continue through- 
out the year. 

Mrs. B. Yes ; but in winter it goes on in a very imperfect man- 
ner, compared to the vegetation of spring and summer. 

We have dwelt much longer on the history of vegetable chemis- 
try than I had intended ; but we have at length, I think, brought 
{he subject to a conclusion. 

Ckaroline. I rather wonder that you did not reserve the account 
of the fermentations for the conclusion ; for the decomposition of 
vegetables naturally follows their death, and can hardly, it seems, 
be introduced with so much propriety at any other period. 

Mrs, B. It is difficult to determine at what point precisely it may 
be most eligible to enter on the history of vegetation ; every part of 
the subject is so closely connected, and forms such an uninterrupted 
chain, that it is by no means eas^ to divide it. Had I begun with 
the germination of the seed, which, at first view, seems to be the 
most proper arrangement, I could not have explained the nature and 
fermentation of the seed, or have described the changes which ma- 
nure must undergo, in order to 3^eld the vegetable elements. To 
understand the nature of germination, it is necessary, I think, {iie- 
viously to decompose the parent plant, in order to become acquaint- 
ed with the materials required for that purpose. I hope, therefore, 
that, upon second consideration,, you will find that the order which 
I have adopted, though apparently less correct, is, in fikct, the best 
calculated for the elucidation of the subject. 

1289. Why should the proceM of vegetation take place only in warm 
weather? \ 

. ' 1290. What is the condition of vegetables called evergreens, in the 
season of winter ? 

J291. Why was not the fermentation of vegetables reserved for the 
concluding part of what is said on this subject ? 
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CONVERSATION XXIII. 

ON THE COMPOSITION OF ANIMALS. 

Mrs. B, We have now come to the last branch of chemistry, 
which comprehends the most complicated order of compound be* 
ings. This is the animal creation, the history of which, cannot but 
excite the highest degree of curiosity and interest, though we often 
hH in attempting to explain the laws by which it is governed. 

Emily, But smce all animals ultimately derive their nourishment 
from vegetables, the chemistry of this order of beings must consist 
merely in the conversion of vegetable into animal matter. 

Mrs. B. Very true ; but the manner in which this is effected is, 
in a great measure, concealed from our observation. This process 
is called €mimaliz€Uion, and is performed by peculiar organs. The 
difference of the animal and vegetable kingdoms does not, however, 
depend merely on a different arrangement of combinations. A new 
principle abounds in the animal kingdom, which is but rarely and in 
very small quantities found in vegetables ; this is nitrogen. There 
is likewise in animal substances a greater and more constant pro- 
portion of phosphoric acid, and other saline matters. But these 
are not essential to the formation of animal matter. 

CcaroHne. Animal compounds contain, then, four fundamental 
principles; oxygen, hydrogen, carbon, and nitrogen. 

Mrs. B. Yes ; and these form the immediate materials of ani- 
mals, which are gelatine^ albumen, and fibrine.* 

Emily. Are those all ? I am surprised that animals should be 
composed of fewer kinds of materials than vegetables : for they 
appear much more complicated in their organization. 

Mrs, B. Their organization is certainly more perfect and intri- 
cate, and the ingredients that occasionally enter into their compo- 
sition are more numerous. . But notwithstanding the wonderful 
variety observable in the texture of the animal organs, we find that 
tjje original compounds, from which all the varieties of animal mat- 
ter are derived, may be reduced to the three heads just mentioned. 
Animai substances being the most compUcated of all natural com- 
pounds, are most easily susceptible of decomposition, as the scale 
of attractions increases in proportion to the number of constituent 
principles. Their analysis is, however, both difficult and imper- 
fect ; for as they cannot be examined in their living state, and are 
liable to alteration immediately after death, it is probable that 
when submitted to the investigation of a chemist they are alwajrs 

* These are the principal ingredients of the soft parts. But in 
addition to these, animal substances contain coloring matter, of 
blood, mucous, sulphur, phosphorus, earths, alkalies, oils, adds, resins^ 
and several others which it is unnecessary to 8pecify.---C. 

1292. What &rmp the subject of the 23d conversation ? 

1293. What is animalization ? 

1294. What do animal compomidB contain ? 

1295.. What are the immediate materials of animals ? 
1296. On what account is the analysis of animal compounds difficult 
tad imperfect P 
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more or less altered in their combinations and properties, from what 
they were, whilst they made part of the living animal. 

JBmify. The mere diminution of temperature, which they experi- 
ence by the privation of animal heat, must, I should suppose, be suf* 
ficient to derange the order of attractions, that existed during li^s. 

Mrs. B, That is one of the causes, no doubt ; but there are many 
other circumstances which prevent us frcnn studymg the natnre of 
living animal substances. We must, therefore, in a considerable 
degree, confine our researches to the phenomena of these compounds 
in their inanimate state. 

These three kinds of animal matter, gelatiney albumen, and 
fibrine, form the basis of all the various parts of the- animal system ; 
either solid, as the skin, JUfh, nerves, membranes, cartilages, and 
bones; or fluid, blood, chyle, ntUk, mucous, the agastric and pancreatic 
jukes; bile, perspiration, sctliva, tears, &a. 

Caroline. Is it not surprising that so great a variety of substances, 
and so different in their nature, should yet all arise from so few ma- 
terials, and from the same original elements ? 

Mrs. B. The difference in the nature of various bodies depends, 
as I have often observed to you, rather on their state of combination, 
than on the materials of which they are composed. Thus, in con- 
sidering the chemical nature of the creation in a general point of 
view, we observe that it is throughout composed of a very small 
number of elements^ Bat when we divide it into the three king- 
doms, we find that, in the mineral, the combinations seem to residt 
from the union of the elements usually brought together ; whilst in 
the vegetable and animal kingdoms,, the attractions are peculiarly 
and regularly produced by appropriate organs, whose action de- 
pends on the vital principle. And we may further observe, that 
ktr means of certain spontaneous changes- and decompositions, th» 
elements of one kind of matter become subservient to the repro- 
duction of another : so that the three kingdoms are intimately con- 
nected, and constantly contributing to the preservation o£ each 
other. 

Emily. There is, however, one very considerable class of ele- 
ments, which seem to be confined to the mineral kingdom. I mean 
metals. 

Mrs,B. Not entirely; they are found, though in very minute 
quantities, both in the animal and vegetable kingdoms. A small 
portion of earths and sulphur enters uso into the composition of 
organized bodies. Phosphorus, however, is almost entirely confined 
to the animal kingdom ; and nitrogen, with but few exceptions, is 
extremely scarce in vegetables. 

Let us now proceed to examine the nature of the three ^principal 
materials of the animal system-. 

Gelatine or jeUy, is the chief ingredient of skin, and <^ all the 
membranous parts of animals. It may be obtained from these sub- 
stances, by means of boilins^ water, under the forms of glue, size, 
isinglass and transparent jelly. 

1297. On what does the difierence of nature in various bodies chiefly 
depend } 

1298. What is gelatine or jelly ? 

1299. From what is it obtained f 

1300. Under what forms does it exist when obtained ^ 
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OmroHne. But these aie of a yery different nature ; they cannot, 
therefore, be all pure gelatine. 

Mrs. B. Not entir^y, but very nearly so. Glue* is extracted 
from the skin of animals. Size is obtained either from skin in its 
natural state, or from leather. Isinglass is gelatine procured from 
a particular species of fish ; it is, you know, of this substance that 
the finest jelly is made, and this is done by merely dissolving the 
isinglass in boiling water, and allowing the solution to congeal. % 

Emiiy, The wine, lemon, and spices, are, I suppose, added only 
to flavor the jelly. 

Mrs. B. ExacUy so. 

Caroline. But jelly is often made of hartshorn shavings, and of 
calves' feet; do these substances contain gelatine? 

Mrs. B. Yes. Gelatine may be obtained from almost any ani- 
mal substance, as it enters more or less into the composition of all 
of them. The process for obtaining it is extremely simple, as it 
consists merely in boiling the substance which . contains it with ws^ 
ter. — ^The gelatine dissolves iii water, and may be obtained of any 
degree of consistence or strength, by evaporating this solution. 
Bones in particular produce it very plentifully, as they consist of 
phosphat of lime, combined or cemented by gelatine. Horns, which 
are a species of bone, will yield abundance of gelatine. The horns 
of the hart are reckoned to produce gelatine of the finest quality ; 
they are reduced to the state of shavings, in order tbat the jelly may 
be more easily extracted by the waters. It is of hartshorn shavings 
that the jellies for invalids are usually made, as they are of very 
easy digestion. 

Caroline. It appears singular that hartshorn, which yields such 
a powerful ingredient as ammonia, should at the same time produce 
80 mild and insipid a substance as jelly ? 

D&'s. B. And (what is more surprising) it is from the gelatine 
of bones that ammonia is produced. You must observe, however, 
that the processes, by which these two substances are obtained from 
bones, are very different. By the simple action of ^ater and heat, 
the gelatine is separated ; but in order to procure the ammonia, or 
what is commonly called hartshorn, the bones must be distilled, by 
which means the gelatine is decomposed, and hydrogen and nitro- 
gen combined in the form of ammonia. So that the firs^ operation 
IS a mere separation of ingredients, whilst the second requires a 
chemical decomposition. 

CttroUne. But when jelly is made from hartshorn shavings, what 
becomes of the phosphat of lime which constitutes the other part of 
bones? 



* Bones, muscles, tenddns^ ligaments, membranes, and skins, all 
of them yield glue. But the b^t is made from the skin of old ani- 
ma]8.-*-C. 

1301. From wha^ is the best glue extracted f 
130^. From what is isinglass obtained? 

1303. What is the process of obtaining gelatine ? 

1304. From what is the best gelatine obtained ' 
1306. From what is ammonia produced i 

26» 
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Mrs, jB. It is easiiy separated hy strainhic'. - But the jelly is irftor* 
wards more perfectly purified, and rendered transparent, by adtfin^ 
|irhites of eggs, which being coagulated by heat, rises to the sur&oe 
along with any impurities. 

£mi^. I wonder that bones are not used by the -common peopfo 
to make jelly ; a great deal of wholesome nourishment might, 1 
should suppose, be procured from then, though the jelly would per-^ 
haps not be Qjiite so good as if prepared from hartshorn qhaYings.. 

Mrs. B> There is a prejudice amongr the poor against a species 
of food that is usually thrown to the dogs ; and as we cannot expect 
them to enter into ch^nical considerations, it is in some degree ex- 
eosable:. Besides, it requires a prodigious quantity of fu«s to dis- 
solve bones and obtain the gelatine from them. 

The solution of bones in water is greatly promoted by an accu- 
mulation of heat. This may be effected by means of an extremely 
strong metallic vessel, called Peqnn^s digester, in which the bones 
and water are enclosed, without any possibility of the steam making 
its escape. A heat can thus be applied much snp<&nor to that of 
boiling water ; and bones, by this means, are completely reduced 
to a pulp. But the process still consumes too much fuel to be gen- 
erally adopted among the lower classes. 

CaroUne. And why should not a manu^ture be established Ibr 
grinding or macerating bones, or at least for reducinr them to the 
state of shavings, when, I suppose, they wotld dissolye as readily 
as hartshorn shavings ? 

Mrs, B, They could not be collected clean for sueh a purpose ; 
but they are not tost, as they are used for making hartshorn, and 
sal. ammoniac ; aod such is the superior science and industry of 
this country, that we now send sal. ammoniac to the Levant, though 
it originaUy came to us from Egypt. 

EmUy, When jelly is made of isinglass, does it leave no sedi- 
ment?, 

Mrs, B, No : nor does it so much as require clarifying, as it eont- 
sists almost en^:ely of pure selatine, and any foreign matter that is 
mixed with it, is thrown off during the boiling in the form of scorn. 
Iliese are processes which you may see performed in great perfec- 
tion in the culinary laboratory, by that very able and most useful 
chemist, the cook. 

Caroline. To what an immense vari^y of purposes chemistry is 
subservient ! 

Emily, It appears, in that respect, to have an advantage over 
most other arts and sciences ; for these very often have a tendency 
to confine the imagination to their own particular object ; whilst the 
pursuit of chemistry is so extensive and diversified, that it inspires 
a geneoral curiosity and a desire of inquiring into th& nature of every 
object. 

CcaroUne, I suppose that soup is likewise composed of g^&tioe ; 
for when cold, it often assumes the consistence of jelly. 

Mrs, B, Not entirely; for though soups generally contain s 

1306. What becomes of the phosphat of lime when jelly is made frooi 
the shavinffs of hartshorn ? ^ 

1907. What obstacle is theie to. converting bones into gebtins Ibi 
food? 

1906. For what may bones be advantageously naedf 

1300. Of what are soups composed ' 
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q«i&ali^ of the gelatine, the most esse&tidi ingredienft is a akueus^ or 
extractive matter, a peculiar animal substaxice, rery soluUe in wa- 
ter, which has a strong taste, and is mwe noarishu^ than ^elatiae. 
The various kinds of portable soup conosts of tlus extractive ma^ 
ter in a dry state, which, in order to be made into soup, requires 
only to be dissolved in water. 

<jrelatine, in its solid state, is a semiductile, transparent sub^ 
staaee,. without eiih&r taste or smell. When exposed to heat, in 
contact with air and water, it first swells, then fuses, and finally 
bonis. You may hav^ seen the first part of this operation perform* 
ed in the carpenter's glue-pot. 

CatoUne, But you said that gelatine had no smeU, and glue has 
a very disagreeable one* , 

Mrs, B. Glue is not pure gelatine : a& it is not designed for eat- 
- ing, it is prepared without attending to the state of the ingredieats,. 
vhic^ are more or less oootaminated bj particles that have be- 
come putrid. 

Gelatine ma^ be precipitated from its solutions in water by al- 
eohol. — ^We shall try this experiment vj^th a glass of wamt jelly. — > 
You see that^he gelatine subsides by the union of the alcohol and 
the water. 

Emily ^ How is it, then, that jelly is flavored witk wiAe^ without 
producing atty precipitation ? - ^ 

Mrs. B, Because the alcohol contained in the wine £9 already 
combined with water and other ingredients, and is, therelbre, not 
at liberty to act upon the ieUy as when in its separate state. Gela* 
tine is soluble botn in acids and in alkalies ; the former, you know, 
are frequently used to season jellies. 

CaroUne, Among the combinations of gelatine we must not for- 
ffet one which you formerly mentioned ; l^at with tannin, to form 
feather. 

Mrs. B. True ; but you must observe that leather can be pro« 
daced only by gelatine in a membranous state ; for though pure 
gelatine and tannin will produce a substance chemically similar to 
feather, yet the texture of the skin is requisite to make it answer 
the useful purposes of that substance. 

The nbxt animal substance we are to examine is aRnimm : this^ 
although constituting a part of most of the animal compounds, is 
frequently found insulated in the animal system ; the whites of 
eggs, for instance, consists almost entirely of albumen : the sub- 
stance that composes the nerves, the serum, or white part of the 
blood, and the curds of milk, are little else than albumen various* 
ly modified. 

In its most simi>le state, albumen appears in the form of a trans- 
parent, viscous fluid, possessed of no distinct taste or smell ; it co- 
agulates at the low temperature of 165 degrees ; and when once 
solidified, it will never return to its fluid state. 

Sulphuric acid and alcohol are each of them capabfe of eoagn-^ 

' ■ . . 

1310. How does common glue difier from gelatine ? 

1311. What ef^ct will alcohol have on gelatine in water ? 

^ 1312. Why will not wine, which contains a portion of alcohol, pjK^ 
dace precipitatioB-when put tttto jelly? 

1313. What is albumen ? 

1314. At what temperatuxe will it coagulate ' 
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luting albumen in the same manner as heat, as I am going to sbcw 
yon. * 

JEmtly. Exactly so. — ^Pray, Mrs. B., what kind of action is there 
between albumen and silver? I have sometimes observed, that if 
the spoon with which % eat an egg happens to be wetted, it becomes 
tarnished. 

Mrs. B. It is because thd white of an egg (and, indeed, albu- 
men in general) contains a little sulphur, which, at the temperar 
ture of an egg just boiled, will decompose the drop of water that 
wets the spoon, and produce sulphuretted hydrogen gas, which has 
the property of tarnishing silver. 

We may now proceed to fibrine. This is an insipid and inodorous 
substance, having somewhat the appearance of fine, white threads 
adhering together ; it is the essential constituent of muscles, or 
flesh, in which it is mixed with and softened by gelatine. It is in- 
soluble both in water and alcohol, but sulphuric acid converts it 
into a substance very analogous to gelatine. 

These are the essential and general ingredients of animal mat- 
ter ; but there are other substances, which though not peculiar to 
the animal system, usually enter into its composition, such as oils, 
acids^ salts, &c. 

Animal oil is the chief constituent of fat ; it is contained in 
abiftidance in the cream of milk, whence it is obtained in the farm 
of butter. 

Emily. Is animal oil the same in its composition as vegetable 
oils ? 

Mrs. B. Not the same but very analogous. The chief difi^r- 
ence is that animal oil contains* nitrogen, a principle which seldom 
enters into the composition of vegetable oils, but never in so large 
a proportion. 

There are few animal acids, that is to say, aoids peculiar to ani 
mal matter, from which they are almost exclusively obtained. 

The animal acids have triple bases of hydrogen, carbon, and ni- 
trogen : some of them are fOund native in animal matter ; others 
areproduced during its decomposition. 

Those which we find ready formed, are,— 

The bombic acid, which is obtained firom silk-woraus. 

The formic acid, from ants. 

The lactic acid, firom the whey of milk. 

The sdadc, from oil or fat. 

Those produced during the decomposition of animal substances 
by heat, are the prussic and zoonic acids. This laM is produced by 
the roasting of meat, and gives it a brisk flavor. 

Caroline. The class of animal acids is not very extensive. 

Mrs. B, No ; nor are they, generally speaking, of great impor- 

! ■ ■ 

1315. Why 18 silver tarnished by the white of an egg ? 
131 & WhatUfibrine? 

1317. What is the difference between vegetable and animal oil ? 

1316. What are tlie bases of animal acids ? 

1319. What are the names of those found in animal substances al- 
teadyformed ? 

1320. What are those produced during the decomposition of ani 
mal substances ? 
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tance. IThe prussic add,* I think the only one sufficiently Intereat* 
JD^ to require any fartber comment. It can be fonned by** an arti- 
ficial process without the presence of any animal matter ; it may 
likewise be obtained from a variety of vegetables, particularly those 
of the narcotic kind, such as poppies, laurel, &c. ^ut it is comnson- 
ly obtained from blood, by strongly heating that substance with 
caustic pota^ ; the alkali attracts the acid froui the blood, and forms 
with it a pnissiat of potash. From this state of combination the 
prussic acid can be obtained pure by means of other substances 
which have the power of sepsurating it from the alkali. 

Emify. But if this acid does not exist ready formed in blood, how 
can the alkali attract it from thence ? . 

Mrs. B. It is the triple basis only of this acid that exists in the 
blood ; and this is developed and brought to the state of acid, during 
the combustion. The acid, therefore, is first foimed, and it afters- 
wards combines with the potash. 

Emily. Now I comprehend it^ But how can the pmssic acid be 
artificially mad^ ? 

Mrs. B. By passing ammoniacal gas over red hot charcoal ; and 
hence we learn that the constituents of this acid are hydrogen, ni- 
trogen, and carbcm. The two first are derived frosty the volatile 
alkali, the last from the combustion of the charcoal.f 

Caroline. But this does not accord with the-«ystem of oxygen l>e- 
ingthe principle of acidity. 

^mify. The coloring matter of Prussian blue is called an acid, 
because it unites with alkalies and metsds, and not from any other 

* Prussic acid can be obtained from Prussian blue {prussiat of 
iron) by the following process. Take 4 ounces of Prussian blue, 
pulverize it finely, aM mix with it 3 and a half ounces of red oxide 
of mercury (redpredpitale) boil the mixture with 12 ounces of wa- 
ter in a glass vessel, frequently stirring it with a stick. Filt^- the 
solution, which is a prussiat of mercury, and is formed by the trans- 
fer of the prussic acid, from the iron to the mercury. Put this solu- 
tion into a retort, and add to it two ounces of clean iron filings and 
six drachms of sulphuric acid, and distil off two and a half ounces of 
prussic add. This process requires a good apparatus, and ought not 
to be undertaken by any one who has not a knowledge of practical 
chemistry. The fumes during the distillation ought carefully to be 
avoided ajs poisonous. Prussic acid has of late been much used ia 
medicine, as a remedy, in consumption, hooping cough, &c. — C. 

f The basis of {>russic acid, has of late years, been ascertained 
by M. Gay-Lussac, to be a combination of azote and carbon, which 
he has called cyanogen. This com{>ound, when combined with hy- 
drogen, forms prussic acid, or as it is now called, hydro-cyanic ac£i. 
Pure cyanogen, in the state of gas^ may be obtained from prussiat 
of mercury by distillation. 

1321. How is prussic acid obtained.' 

1322. How i84i mentioned in the note that prussic add can he obtained 
from Prussian blue f 

1323. Does this acid exiit already formed in the blood ? 

1S24. How is it ascertained that the eonstitiients of pmssic aci4 are 
hydrogen, and nitrogen, and carbon I 
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characteristic properties of acids ; perhaps the name is not strictly 
appropriate. But this circumstance, together with some others of 
the same kind, has induced several chemists to think that oxygen 
may not he the exclasive generator of acids. Sir H. Davy, 1 have 
already informed you, was led by his experiments on dry acids to 
suspect that water might be essential to acidity. And it is the 
opinion of some chemists that acidity may possibly depend rather 
on the arrangement than on the presence of any particular princi- 
ples. But we have not yet done with the prussic acid. It has a 
strong affinity for metallic oxyds, and precipitates the solutions of 
iron in acids of a blue color. This is the Prussian blue, or prussiat 
of iron, so much used in the arts, and with which I think you must 
be acquainted. 

ISmify. Yes, I am ; it is much used in painting, both in oil and in 
water colors ; but it is not reckoned a permanent oil color. 

Mrs. B. That defect arises, I believe, in general, from its being 
badly prepared, which is the case when the iron is not so fully oxy- 
dated 9s to form a red oxyd. For a solution of green oxyd of iron 
(in which the metal is more slightly oxydated) makes only a pale 
green, or even a white precipitate, with prussiat of potash ; and this 
gradually changes to blue by being exposed to the air, as I can im- 
mediately show you. 

Caroline. It already begins to assume a pale blue color. But 
how does the air produce this change ? 

Mrs. B. By oi^ydating the iron more perfectly. If we pour some 
nitrous acid on it, the blue color will be immediately produced, as 
the acid will yield its oxygen to the precipitate, and mlly saturate 
it with this principle, as you shall see. 

Caroline. It is very curious to see a color change so instantane- 
ously. 

Mrs. B. Hence you perceive that Prussian blue cannot be a per- 
manent color, unless prepared with red oxyd of iron, since by ex- 
posure to the atmosphere it gradually darkens, and in a short time 
IS no longer in harmonjL with the other colors of the painting. 

Caroline. But it can never become darker by exposure to the 
atmosphere, than the true Prussian blue, in which the oxyd is per- 
fectly saturated. 

Mrs. B. Certaioly not. But in painting, the artist, not reckon- 
ing upon partial alterations in his colors, gives his blue tints that 
particular shade which harmonizes witli the rest of the picture. If, 
afterwards, those tints become darker, the harmony of the coloring 
must necessarily be destroyed, 

Caroline. Pray of what nature is the paint, called carmine ? 

Mrs. B. It is an animal color, prepared from cochineal, an insect, 
the infusion of which produces a very beautiful red.* 

Caroline. While we are on the subject of colois, I should like to 
know what ivory black is ? 

• Carmine is 'obtained by precipitating the coloring matter from 
an infusion of the insect by means of a solution of tin. — C. 

1325. To what opinion was Sir H. Davy led respecting acidity ? 

1326. Why is not Prussian blue a permanent oil color? 

1327. In what way may Prussian bine be made a permanent color ' 
13^. From what is carmine prepared .** 



TT 



or THE AfflMAIi ECONOn. 

Mrs, B, It is a carbonaceous substance obtained by the..combiis- 
rion of iyory. A nrare common species of black is obtained from 
the burning of bone. 

Caroline. But during the combustion ^f iTory or bone, the car- 
oon, I should have imaged, must be conyerted into carbonic add 
gas, instead of this black substance ? 

Mrs, B, In this a^d in most combustions, a considerable part of 
the carbon is simply volatilized by the heat, and again oDtained 
concrete on cooling. This color, therefore, may be c^ed the soot 
produced by tjie bundng of ivory or bone. 



CONVERSATION XXIY. 

ON THE ANIMiX ECONOMT. 

Mrs, B. We have now acquired some idea of the various mate- 
rials which compose the animal system ; but if you are curious to 
know in what manner these substances are formed by the animal 
organs from vegetable, as well as from animal substances, it will be 
necessary to have some previous knowledge of the nature and func- 
tions of these organs, without which it is impossible to form any 
distinct idea of the process of animalization and nutrition, 

Caroline, I do not exactly understand the meaning of .the word 
animalization. 

Mrs, B, Animalization is the process by which the food is asiim;^ 
lated, that is to say, converted into animal matter ; and nutrition is 
that by which the food thus assimilated is rendered subservient to 
the purposes of nourishing and maintaining the animal system. 

JEmUy, This, I am sure, must be the most interesting of all the 
branches of chemistry ? 

Caroline. So I think ; particularly as I expect that we shall hear 
something of the nature of respiration, and of the circulation of the 
blood? ' 

Mrs, B, These functions undoubtedly occupy a most important 
place in the history of the animal economy. But I must previously 
give you a very short account of the principal organs by which the 
various operations of the animal system are performed. These are : 

The BoneSy 
MusdeSj 
Blood vessels, 
lAfmphatic vessels ^ 
Cflands, and 
Nerves. 

Th6 hones ase the most solid part of the animal frame, and in a 
great measure detemune its form and dimensions. You recoUect, I 

suppose, what are the ingredients which enter into their composition. 

. ■ - I-.. ■■ — ' 

13S9. How is ivory black made ? 

1330. What is the subject of the 24th Conversation ? 

1331. What is nutrition ? 

1338. What are the principal organs by which the yarions openftkms 
of the animal system are penonnea ? 
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Ctt-oHite, Tes ; plioephat of lime cemented I17 gelatine: 

Mrs, B. Dminff the earliest period of animal life, they consiBt 
almost entirely of gelatinous membrane, having the form Qf ih% 
bones, but of a loose spongy texture, the cells or cavities of which 
are destined to be filled with phoephat of lime ; it is the gradaal 
acquisition of this salt nvhich gives to the bones their subsequent 
llardaess and dnrability. Infiuits first receive it from their motner's 
milk, and afterwards derive it from all animal and from tnost vege- 
table food, especially farinaceons sutwtanceSj such as wheat flooTy 
which contains it in sensible quantities. A portion of the phosphat. 
after the bones of the in&nt have been sufficiently expanded ana 
solidified, is deposited in the teeth, which consist at .first only of a 
gelatinous membrane, or case, fitted for the reception of this salt ; 
and which, after acquiring hardness within the gum, gradually pro- 
trudes from it. 

Caroline, How very curious this is ; and how ingeniously^nature 
has provided for the solidification of such bones as are immediately 
wanted, and afterwards to the formation of the teeth, which would 
not only be useless, but detrimental in infancy. 

Mrs. B. In quadrupeds, the phosphat of mne is deposited like- 
wise in their horns, and the hair or wool with which they are gen- 
erally clothed. 

In birds it serves also to harden the beaks and the quills of their 
feathers. 

When animals are arrived to a state of maturity, and their bones 
have acquired a sufficient degree of solidity, the phosphat of lime 
which is taken with the food is seldom assimilated, excepting when 
th^fCToale nourishes her young; it is then all secreted into the 
milK, as a provision for the tender bones of the nursling. 

JBnUfy. So that whatever becomes superfluous in one being, is 
immediately wanted by another; and the child acquires strength 
precisely by the species of nourishment which is no longer necessa- 
ry to the mother. Nature is indeed an admirable economist ! 

Qxroline. Pray, Mrs. B., does not the disease in the bones of 
children, called the rickets, proceed from a deficiency of phosphat 
of lime? 

Mrs. B. I have heard that this disease may arise firom two caus- 
es ; it is sometimes occasioned by die growth of the muscles being 
too rapid in proportioa to that of the bones. In this case the weight 
of the fiesh is greater than the bones can support, and presses upon 
them so as to produce a swelling of the joints, which is the great 
indication of the rickets. 

The other cause of this disorder is supposed to be an imperfect di- 

1333. What are the ingredients that enter into the composition of 
bones? 

\ 1334. What gives to bones their haidnen and durability ? 
V 1836. What is the state of bones in the early periods of animal fiib? 

1336. Whence is the phosphat of lime necessary in the fomiatum of 
bones obtained ? 

1337. How are teeth formed ? 

1338. What gives the horns of quadmpeda and the beaks and qaUis 
of birds their hardness ? 

1339. When is the phosphat of lime assimilated in adnlt animals? 
IMOi How is the dawase c«fie4 liokets oecssioBed ? 



^iBsdoii and attimilatioii of tbe food, attended %it]i an excess of acid, 
which counteracts ihe fonnation of the phosphiit «f lime. In both 
instances, thenSfore^ care should he taken io alter the child's diet, 
not merely by increasing the quantity of aliment containing phosphat 
•of lime, but ahb by ayoiding all food that is to turn aeia on the 
^tomaclt, and to -pteduee indigestion. But the best preservatiye 
against complaints of this kind, is, no doubt, good nursing ; when 
& -child has plenty of air and exercise, the digestion and assimilation 
will be properly performed, no acid will be produced to interrupt 
these 'functions, and the muscles and bones will gioW together u 
just proportions. 

C&rotine. I have bilen heard the' rickets attribnted to bad.nursing, 
but I never could have guessed what connexion there "wis between 
exercise and the formation of the bones. 

Mrs. B^ Exercise is generally beneficial to all the animal funo- 
tions. If man is destined to labor for his subsistence, the bread 
which he earns is scarcely more essential to his health and preser- 
vation than the exertions by which he obtains it. Those whom the 
giAs of fortune have placed above the necessity of bodily labor, 
are compelled to take exercise in some mode or other, and when 
they cannot convert it into amusement, they must submit to it as a 
Cask, or thek health will soon experience the effects of their indo- 
lence. 

Emihf, That will never be my case ; for exercise, unless it be- 
eomes fatigue, always gives me pleasure ; and so fat from being a 
task, is to me a source of daily enjoyment. I oflen think^ what a 
blessing it is, that exercise, which is so conducive to healtH, should 
be so delightful ; whilst fatigue, which is rather hurtful instead of 

Sleasure, occasions rather painful sensations. So that fatigifb, no 
oubt, was intended to moderate Our bodily exertions, as satiety puts 
a limit to our appetites. 

Mrs, B, Certainly. — But' let ue not deviate too far from our sub- 
ject. The bones are connected together by ligaments, which con- 
sist of a white, thick flexiUe substance, iadhering to their extreifd- 
ties so far as to secure the joints firmly, thdugh without impeding 
their motion. And die joints are, moreover, covered by a soUd, 
smooth, elastic -white substance, called cartilage, the use of which 
is to allow, by its smoothness and elasticity, the bones to slide easi* 
ly over one another, so that the joints may perform their office with- 
out difficulty or detriment. 

Over the bones the musdes are placed ; they consist of bundlefl^of 
fibres, which terminate in a kind of string, or ligament, by 'which 
they are f&stened to the bones. The muscles a^e the organtf of mo- 
•IhAi ; by their power of dilation M' Contraction; they put -into ao- 
;tioa the bones which act as levers in all mptions Of the body, and 
'<orm the solid suppoH of its vaHous parts. The muscles are of va- 
rious degrees of strength or consistence, in difierent species of ani- 
*«nal8. The mammiferous tribe, or those that suckle their young, 
eeem, in this respect, to occupy an intermediate plaeef- between birds, 
and cold-bloodea animals, such as reptiles and fishes. 
Emily, The different degrees of firmness and'^olidity in the mun- 

1341. What precaution may be taken against this disease ? 
"1342. How are the bones of an animal systeto' confined together? 
^1343. By what are the joints covered ^ ^ 

1344. By what are the organs of motion ? 

26 
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(tififerent nature of the food on which they Bubant. 

Mrs. B. No, that is not aappoeed to be the case ; for the humaa 
apecies, who are of the mammifejroas tribe, lire on more aabataa- 
Ual food than birds ; and yet the latter exceed them in muscubur 
strength ; but let us now proceed in the examination of the animal 
functions. 

The next class of or^ns is that of the vessels of the body, the of- 
fice of which is to convey the various fluids throughout the frame. 
These vessels are innumerable. The most considerable of them are 
those through which the blood circulates, which are of two kinds ; 
the arteries which convey it from the heart to the extremities of the 
body, and the veins which bring it back into the heart. 

Besides these, there are a numerous set of small transparent ves- 
sels, destined to absorb and convey diil^rent fluids into the blood ; 
they are generally called the absorbent or lymphatic vessels ; but it 
is to a portion of them only, that the function of conveying into th4^ 
blood the fluid called lymph is assigned. 

Emily. Prav what is the nature of that fluid ? 

Mrs, B. The nature and use of the lymph have, I believe, never 
been perfectly ascertained ; but it i^ supposed to consist of matter 
that has been previously animalized, and which after answering-ihe 
purpose for which it was intended, must, in regular rotation, make 
way for the fresh supplies produced by ncHirishment. The lympha- 
tic vessels pump up this fluid from every pait of the system, and 
convey it into the veins to be mixed with the blood which runs 
through them, and which is commonly called venous bloods 

Caroline, But does it not again enter into the aijimal system 
trough that channel ? 

Mrs, B. Not entirely : for the venous blood does not return into 
the circulation until it has uiidergonq a peculiar change, in which 
it thro.vs off whatever is become useless. 

Another set of absorbent vessels pump up the chjh from the 
stomach and intestines, and convey it, after many circumvolutions^ 
into the g *eat vein near the heart.* 

Emily. ^Vay, what is chyle ? 

Mrs. B, It is the substance into which food is converted by di- 
gestion. 

Caroline. One set of the absorbent vessels, then, is employed ia 
bringing away the old materials which are no longer fit for uSe : 
whilst the other set is busy <in conveying iitto the blo^ the new ma- 
terials that are to replace them ? 

* This is a mistake. The chyle is oonveyedinto the trunk of the 
absorbent system, called by anatomists the thoracic duct, lliis runs 
in a serpentine direction alonff the intemail side of the back bone, up 
to the subdavian vein^ which lies under the cdlar bone. Into this 
vein the chyle is discharged, and mixes with the blood, and before 
it reaches the heart, it is converted into blood ita^.— C. 

1345. For what purpose are the arteries.' 
3346. Fur what purpose are the veins? 

1347. For what purpose are lymphatic vessels' 

1348. Wliat is chyle ? 
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Ai^* What A gtest Taiiety of ingiedientB mast enter into tbe 
ampposition of the btood. 

Mm, B. You must observe that there is also a great variety of 
mibstanoes to be secreted from it. We may oompare the blood to 
• general reeeptacle or storehouse ifx all kinds of commodities, 
which are afterwards fashioned, arranged, and disposed of, as cir- 
emnstanoes require. 

There is another set of absorbent vessels in females, v^hicfa is de»- 
toed to secrete milk for the nourishment of the young. 

Eufdly^ Pray, is not milk very analogous in its composition to 
blood; for, since the nursling derives its nourishment from that 
source only, it must coritaia every principle which the animal sys- 
tem requires^ 

Mrs. Bi Very true. Milk is found, by its analysis, to contain the 
principal materials of animal matter, albumen, oil, and phosphat of 
lime ; so Uiat the suckline has but little trouble to digest and assim- 
ilate this nourishment. Sut we shall examine the composition of 
milk more fully afterwards^ 

In many parts uf the body, ntimbei-s of small vessels are collected 
together in little bundles called glands , from a latin word, meaning 
noorn^ on account of the resemblance which some of them bear in 
shape to that fruit. The function of the glands is to secrete or sep- 
arate certain matters from the blood. 

The secretions are not only mechanical, but chemical separations 
from the biood ; for the substances thus formed, though contained 
in the blood, are not ready combined in that fluid. The secretions 
are of two kinds; those which form peculiar animal fluids, as bile, 
tears, saliva, &c. ; and those which produce the general materials 
«f the animal systemj for th^ purpose of recruiting and nourishing 
the several organs of the. bod^ ; such as albumen, gelatine, and 
fibrine ,* the latter may be distinguished by the name of nutritive 
wecretuyns, 

Caroline, I am quite astonished to he&r that all the secretions 
should be derived from the Mood. 

Eixily, I thought that the bile was produced by the liver. 

Mrs, B, So it is ; but the liver is nothing more than a very large 
gland which secretes the bile from the blood. 

The last of the animal organs which we have mentioned are the 
nerves; these are the vehicles of sensation, every other part of the 
body being, of itself, totally insensible. 

Caroline, They must, tJfien, be spread through every part of the 
frame, for we are every where very susceptible of feeling. 

Emily, Excepting the nails and the hair. 

Mrs, B, And those are almost the only parts in which nerves 
eannot be discovered. The commoh source of all the nerves is the 
brain ; thence they descend, some of them through different aper- ^ 
tares in the skull, but the greatest part through the back bone, and 
extend themselves by innumerable ramifications throughout the 

V 1349. To what may blood be compared ? 
' 1350. Of what doea milk consist ? 

1351. FrOm what do the glands derive their name ? 

1352. What is their use f 

1353. How many kinds of secretions are there, and what are tliej 
' ' 1354. What are the serves? 

1355. What is the common soarce of the nerves ' 
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whole body.. Th«y' spread themaelTes otk the moedeB, pendlrale 
the glands, wind round the Tascalar system, and even pierce into 
the loterioF of the bones. It iff most probad>ie throsgh them that 
the commonieation iseanied on between the mind and the -other 
parts of the body ; b«t in what manner they are acted on by the 
mind, and made to relict eo the body, ia still a profound secret 
Many hypotheses have been formed on this very obscure subject, 
but they are all e<|ually improbable, and it would be useless for us 
to waste our dme in conjectures on an inquiry, which in all probar 
bility is beyond the reach of human capacity. 

Qn^lifie, But you have not mentioned those particnlar nerves 
that fornk. the. senses of hearing, seeing, smelling, and tasting ? 

Mrs. B, They are considered as being of the same nature as those 
which are dispersed over every part of the body and constitute the 
general sense of feeling. The dii^rent sensations which they pro- 
duce, anse from their peculiar situation and connexion with the 
severed oreans of taste, smell, and hearing. 

Emily. But these senses appear totally different from that of feel- 
ing. 

Mrs,Bf They KSfbiXLoi them s^snaations^ but( variously modified 
according to the natuilie of the different organs in* which the nerves 
are situated. For^ as we have formerly (3>served,-it is* by contact 
only that the nerves are affected. Thus odoriferous pasticies must 
strike upon the nerves of the nose, in order to excite the sense of 
smelling ; in the same manner that taste is produced by the partic- 
ular subistance coming in contact with the nerves of the tongue. 
It is thuSj also, tha^t the sensation of sound is produced by the con- 
cussion of the air striking against the auditory nerve ; and sight is 
the efiect of the light falung upon the optic nerve. These various 
senses, therefore, are afi^ted only by the actual contact of the par- 
ticles, of matter in the same manner as that of feeling. 

The different organs of the animal body, though easily sepaiated^ 
and perfectly distinct*, are loosely connected together^ by a kind oi 
spongy substance, in texture somewhat resembung net-work, called 
the.celliilar membrane; and the whole is covered l>y. the skin. 

The skin, as well as the bark of vegetables, is formed of three 
ooats. The external one is called the aOide or eptdermis; the see* 
ond, which is called the mucous membrane, k^ of a thin, soft texture, 
and consists of a raucous substance^ wiiich in negipes is black, and 
is the cause of their skin appearing of that color. 

Garohm* l^ then the external skin of negroes white like ours ? 

Mrs. B. yes ; but as the cuticle is transparent, as well aa porous, 
the blackness of the mucous membrane ia visible through it. The 
•xliFemities.of the nerves are ^lead over this skia, so that the sen- 
sation of feeling ii^ transmitted through the cuticle. The internal 
covering of the muscles, which is psoperly the skin, is the thickest 

T I III ■_ . .. _tBi__-ai ■■■» ^M-Mi - n ■ 1 1 

1356. How are the nerves made suhservienjt tp the purposes of hear- 
ing,, seeing, smelling, and tasting ? 

1357. By what axe the different parts of tfae< animal body connected 
togsther ? 

I358v Of how many coats is the skin formed, and what are thej 
called ? 
13591 Where is the color of the skin? 
1360. K the oolpc ia in the second coat, why is it so easily aeea.^ 
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Ibd toughest, and the most resisting of the whole ; it is this mem- 
brane whieh is so essential in the arts, by forming leather when 
tsombined with tannin. 

The sldn which oovets the animal body, as weU as those mem- 
branes tha)t form the coats of the vessels, consists almost exclusiye- 
)y of g^atine ; and is capable of being oonverted into glue» s^, or 
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he cavities between the muscles and the skin are usually filled 
with iaX, which lodges in the cells of the membranous net before 
mentioned, and gives to the external form (especially in the human 
figure,) that roundness, smoothness, and sonness, so eseiiential to 
beaut}r. 

Emify, And the skin itself, is, I think, a very ornamental part of 
the human frame, both from the fineness ^ its texture, and the va- 
lietT and delicacy of its tints* 

Mrs, B. .This Vaiiety, and harmontous sradation of colors, pro- 
K)eed, not so much froni the skin itself, as m>m the internal organs 
which transmit their several oc^ois through it, these tints being only 
soUened and blended by ike color of the skin, which is uniformly of 
m yellowishr whitov 

Thus modified) the darkness of the veintf^ppears of a pale blue 
^lor, and the floridness of the arteries is cluinged to a delicate pink. 
In the most transparent parts,, the skin exhibits the bloom of the 
Tose, whilst, where it is more opaque^ its own color predominates; 
and at the joints, where the bones are most prominent, their white- 
ness is often discernible. In a word, ievery part 6f the human frame 
seems to contribute to its external ornament ; and this not merely by 
producing a pleasing variety of tints, Imt by a peculiar kind of beau- 
ty whicb belongs to each individual part. Thus it is to the solidity 
uid arrangement of the bones that the human figure owes the gran- 
deur of its stature, and its firm and dignified deportment. , The mus- 
cles delineate the form, and stamp it with energy and grace, and 
the soft substance which is spread over th^m, smooths their rug- 
gedness, and gives to the contour the gentile undulations of the line 
of beauty. Every organ of sense is a peculiar and separate orna- 
ment; and the skin, which polishes the surface, and gives it that 
charm of coloring, so inimitable l^y {ut, finsUly conspires to render 
.the whole the fairest work of the cxeation. 
'^ 4 But now that we have seen in what manner the animal frame is 
formed, let us observe how it provides for its support, and how the 
several organs, which form so complete a whole, are nourished and 
inaintained. 

This will lead us to a more particular explanation of the internal 
<irgans ; here we shall not meet with jso much apparent beauty, be- 
cause these parts were not intended by nature to be exhibited to 
view ; but the beauty of design, in the internal organization of the 
.^mal frame, is, if possible, stiU' more remarkable than that of the 
external parts. 

We shall defer this subject till our next interview. 

-— ' _ — I , 

. 1361. Of what does the skin consist? 

1362. On what is the human complexion or color depending besides 
the skin.' 
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ow ▲mifAiJSAnoiif hutritioii, ahd rnxspnumoii. 

A&f . 3. We liaire now learnt of what materials the animal sys^ 
tern is composed, and have formed some idea of the nature of its or- 
ganxzation. In order to complete the subject, it remains £» us to 
examine in what mann» it is nourished and supported. 

Vegetables, we have observed, obtain their nourishment from ra- 
nous substances, either in their elementary state, or in a very simr 
fid #tate of combination ; as carbon, water, and salts, which they 
id)8orb from the atmosphere. 

Animals, on the contrary, feed on substances of the most compli- 
cated kind ; for they d^ve their sustenance, some from the animal 
areation, others from the regetable kingdom, and some from both. 

QaroHne, And there is one species of animals, which, not satisfied 
with enjoying either kind of food in its simple state, has invented 
the art of combining them together in a thousand ways, and of ren- 
dering even the mineral kingdom subservient to its refinements. 

Ermhf. Nor is this all ; for our delicacies are eoHected from the 
various climates- of the earth, so that the four quarters of the globe 
axe often obliged to contribute to the preparation of our simplest 
diriies. 

QaroUne, But the very complicated substances which oonstitut^ 
the nourishment of animals, do not, I suppose, enter into the systeai 
in their actual state^of combination ? 

JI&5. B. Sohi from it, that they not only undergo a new arrange- 
ment of their parts, but a selection is made of such as ar6 moel 
proper for the nourishment of the body, and those only enter into 
the system, and are animalised. 

Emity*^ Apd by what organs is this process performed ? 

Mrs, B, Chiefiy hy^the stomach, which is the organ of digestion^ 
md the prime regulator of the animal frame. 

Digestion is the first step towards nutrition. It consists in redo- 
eing idto one homogeneous mass the various substances that axe 
taken as nourishment ; it is performed by first chewing and mixiog- 
the solid aliment wi^ the saliva, which reduces it to a soft mass, ilk 
which stat^ it is conveyed into the stomach, where it is more comr 
pletel^ dissolved by the gastric juice. 

This fiuid (which is secreted into the stomach by appropriate 
glands) is so powerful a solyenty that scarcely any substances will 
resist its action. . 

JBrmfy. The coats of the st^acfa, however, cannot be attacked 
by it, otherwise we Should be in danger dT- having than destroyed 
when the stomach was empty. 

1363. What is the subject of the 25th conversation P 

1364. Do the substances which constitute the nourisbmen irf ^niirmfr- 
enler into their system, in their actual state of combination 

1365. Where is the digestion performed ? 
1966. What is the first operation in digestion .' 
1307. What office is penormed by the gastric jaioei 
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Mv. B, Thej ax« probably not wibjeet to ito aotion ; •• tony, at 
leaiBt, aa life continuea. Bat it appears, that when the gastric ^oioa 
oas no foroign substance to act upon, it is oapable of occasioning a 
degree of iiritation in the coats of the stomach, which produces the 
sensation of hunger. The gastric juice, together with the heat and 
mnscular action of the stomach, converts the aliment into an uni- 
foann, pulpy mass, called chyme.> Thia passes into the intestines, 
where it meets with the bile and some other fluids, by the agency of 
which, and by the operation of other causes hitherto Unknown, the 
ehyme is changed into chyle, a much thinner substance, somewhat 
resembling milk, which is pumped by immense numbers of small 
absorbent yessels spread over the internal surface of the intestines. 
These, after many circumvolutions, ffradually meet and unite into 
lar^ branches, till they at length collect the chyle into one vessel, 
which pours its contents into the great vein near the heart, by which 
means the food, thus prepared, enters into the circulation. 

CaroUne, But I do not yet clearly understand how the blood 
thus formed, nourishes the body and supplies all the secretions ? 

Mrs. B, Before this can be. explained to you, you must first allow 
me to complete the formaticm of the blood. The chyle may, indeed, 
be considered as forming the chief ingredient of blood : but this fluid 
is not perfect until it has passed through the lungs, and undergone 
(together with the blood that has already circulated) certain neces- 
•anr changes that are efl^ted by respiratioit. 

VaroHne. I am very glad that you are going to explain the na- 
ture of respiration : I have oAen longed to understaind it ; for though 
we talk incessantly of breathings I never knew precidely what pur- 
pose it answered. 

Mrs.B. It is, indeed, one of the most interesting processes ima» 
ginable ; but in order to understand this function well, it will be 
necessary to enter into some pre>rious explanation. Tell me, Em- 
ily, what do you understand by respiration ? 

Enaty, R^piration, I conceive, consists simply in alternately 
tfuprrin^air into the lungs, and expiring it from them. . 

Mrs, B, Your answer will do very well as a general definition. 
But, in order to form a tolerably clear noticm of the various phe- 
nomena of respiration, there ^e many circumstances to be taken 
iiite consideration. 

Isk the first place, there are two things to be distinguished in res- 
piration, the mechanical and the chemicql part of the process. 

The mechanism of breathing depends on the alternate expansions 
and contractions of the chest, in which the \ungB are contained. 
When the chest dilates, the cavity is enlarged, and the air rnshes in 
at the mouth, to fill up the tacuum form^ by this dilation; when 
it contracts, the cavity is diminished and the air forced out again. 






:1968. How is the sensation of hunger produced? 

' 369. At what state of animalization is the aliment called chyme.' 

1370. Into what is it next changed r 

1871 . How does chyle difler from chyme ? 

1372. What forms the chief ingredient of blood ? 

1373. What is respiration ? 

1374. On what depencls the mechanism of breathing? 

1375. What lakes place when the chest dilatss ? 

1376. What takes place when it contracts? 
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Ctarafine. I thmtg^ht that it waa the limgs that oontnetei aii4 ej^ 
l^ded in breathioff^ 

Mrs, B, They do Uk^wiee ; but their action ia only the oonae 
ttnttice of that of the cheat. The lunm, together with the heart and 
fiufgeat blood Veeeela, in a mannet fill ud the cavity of the cheat; 
they coald not, therefore, dilate, if the cheat did not previoualy ez*^ 
pand ; and, on the other hand, when the chest bontracta, it oom* 
preaaea the longs, and forces the air out of them. 

Caroline. The longs, then, are like bellows, and the cheat ia the 
power that works them. 

Fi^. 96. 

Mrs, B, Precisely so. Here is a curioos Appar«ta« to »««J*'^J"»« > 
litUe figure which will assist me in ex- chantam^^Uitof. 
plaining the machanism of breathing. 

Cttrohne, What a drOU figure ! a little 
head fixed apon a glass bell, with a blad- 
der tied over the bottom of it. 

Mrs. B. You must observe that there is 
another bladder within the glass, the neck 
of which communicates with the mouth of 
the figure — this represents the lunes con- 
tained within the chest ; the other bladder, 
which you see is tied loose, represents a 
muscular membrane, called the dkif^ragm^ 
which separates the chest from the lower 
part of the body. By the chest, there- 
rore, I mean that large cavity in the upper 
part of the body contained within the ribs, 
the neck, and the diaphragm ; this mem- 
brane is muscular, and capable of contrac- 
tion and dilatation. The' contraction may 
be imitated by drawing the bladder tight 
over the bottom of the receiver, as I can 
easily do by squeezing it in my hand, when 
the air in the bladder, whicn represents 
the l«og«, wiU be forced out tbiougbibef^^l^^^:^l»^SZ 

mouth of the figure.-^- reprasanting the Diaphragm. 

Emify. See, Caroline, how it blows the flame of the candle in 
breathing! 

Mrs. n. By letting the bladder loose again, we imitate the d3ap 
tation of the diaphragm, and the cavity of the chest being enlarged^ 
the lungs expand, and the air rushes m to fill them. 

Emify, This figure, I think, gives a very clear idea of the pro-^ 
eess of breathing. 

Mrs. B. It illustrates tolerably well,- the action of the lunga and 
diaphragm ; but those are not the only powers concerned in the en- 
largement or diminution of the cavity of the chest ; tbe ribs are also 
possessed of a muscular motion for the same purpose ; they are- al- 
ternately drawn in, edgeways, to assist the contraction, and stretch- 
■ ' ■' ■ ' ■ " 

1377. On what does the expansion and contraction of the longs do 
pend? 

1378. What part of the body is called the chest? 

1379. How would you explain figure 36-? 




eddol, lilntliehoopaofabanel.tooimtrflmtetothe dihtionQfthe 
chest. 

Emihf. I always supposed that the elevation and depxession of 
the ribs were the consequence, not the cause, of breathing. 

Mrs. B. It is exactly the rererse. The muscular action of the 
diaphragm, together with that of the ribs, are the causes of the con- 
traction-and expansion of the chest ; and the air rushing into, and 
being expelled iirom the lungs, are only consequences of those actions. 
Oirohne, I confess that I thought the act of breathing began by- 
opening the mouth for the air to rush in, and that it was the aur 
alone, which, by alternately rushing in and out, occasioned the di- 
lations and contractions of the lungs and chest* 

Mrs. B. Try the experiment of merely opening your mouth : 
the air will not rush in, till by an internal muscuFar action you pro* 
dace a vacuum — ^yes, just so,, your diapb^xgm is now dilated, and 
the ribs eiqpanded. &ut you will not be able to keep them long in 
that situation. Your lungs and ch^st are already resuming Uieir 
former state, and expelling the air with which they had just been 
filled. This mechanism goes on more or less rapidly ; but, in gen- 
eral, a person at rest and in heallh will breathe between fifteen and 
twenty-five times in a minute. 

We may now proceed to the chemical efiects of respiration ; but, 
lor this purpose, it is necessary that you should previously have 
some notion of the circulation of the blood. Tell me, Caioline, 
what do you understand by the circulation of the blood ? 

Caroline. I am delighted that you have come to this subject ; for 
it is one that has long excited my curiosity. But I cannot conceive 
how it is connected with respiration. The idea that I have of the 
circulation is, that the blood runs firom the heart through the veins 
all over the body, and back again to the heart. 

Mrs. B. I could hardly have expected a better definition firom 
JOVL : it is, however, not quite correct ; for you do not distinguish 
ihe arteries firom the veins, which, as we have already observed, 
are two distinct sets of vessels, each having its own pecular func^ 
tipns. The arteries convey the blood from the heart to the extre- 
mities of the body ; and the veins bring it back into the heart. 

This sketch will giyet you aij^ idea of the manner in which some 
of the principal veins and arteries of the human body, branch out of 
the heart, which may be considered as a common centre to both sets 
of vessels. The heart is a kind of strong elastic bag, or muscular 
cavity, which possesses a power of dilating itself, for the purposes 
of alternately receiving and expelling the blood, in order to carry 
on the process of circiSation. 

EmUy. Why are the arteries in this drawing painted red, and the 
veins purple? 

Mrs. B. It is to point out the difference of the color of the blood 
in these two sets of vessels. 

1380. What office do the ribs perform ? 

J 381. What causes the contraction and expansion of the chest? 

1382. How many times will a person, weU, and at rest, breathe in « 
punnte ? 

1383. In what manner is the circulation of bipod carried, on? 
^384. 9ofr 48 ti^ heart dessribed? 
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OaroSne, Bi^ if it is the same blood whidi flows ^om^ffaft 
ties into the veins, liow c&n its color be changed ? . 

Mrs. B, This change arises from various ciicaiiislanoes. In the' 
first place, during its passage through the arteries, the blood undet>* 
goes a considerable alteration, sobie of its constituent parts being 
gradually separated from it for the purpose of nourishing the body, 
and of supplying the various secretions. In consequence of thisi 
the florid arterial color of the blood changes by degrees to a deep 
pnrple, which is its constant color in the veins. On the other hand, 
the blood is recruited dtiring |ts return through the veins by the 
firesh chyle, or imperfect blood, which has been produced by food ;- 
and it receives also lymph from the absorbent vessels, as we have 
before mentioned. After having undergone these several changes, 
the blood returns to the heart in a state very diBierent from that in 
which it left it. It is loaded with', a greater propottion of hydrogen 
and carbod, and is no Idnger fit for the nourishment of the body, or 
other purposes of circulation. 

Ermly, And in this state does it mix in the heart with the pure 
florid blood which runs into the arteries } 

Mrs. B. No. The heart is divided into two cavities, or compar* 
titions, called the rigkt and left ventricles. The left ventricle is the 
re^ptacle for the pure arterial blood, previous to its circulation ; 
whilst the venous, or impure blood, which returns to the heart afler 
having circulated, is received into the right ventricle, previous to 
its purificatioB, which I shall presently explain.. 

Caroline. I own that I always thought the same blood circulated 
again and again through the body, without undergoing any change. 

Mrs. B.xQi you must have supposed that the blood circulated 
for some purnoee* 

Caroline. 1 knew that it was mdispensabte to fife; but hiid no 
idea of its real functions. 

Mrs. R. But now that you understand that the blood conveys 
nourishment to 'every part of the body, and supplies the various se- 
eretions, you must be sensible that it cannot constantly answer^ 
these objects without being proportionally renovated and purified. 

CaroUne. But does not the chyle answer this purpose ? 

Mrs. B. Only in part. It renovates the nutritive principles of 
the blood, but does not relieve it from the superabundaaee of wa- 
ter and carbon with which it is encumbered. 

Emily. How, then, is this effected ? 

Mrs. B. By Respiration. This is one of the grand mysteries 
ilrhich modern chemistry has disclosed. When the venous blood en- 
ters the right ventricle of the heart, it contracts, by its muscular 
pow^r, and throws the blood through a large vessel mto the lungs, 
wh^h are contiguous, and through which it circulates by millions of 

1385. How does the arterial differ from the venous blood .^ . 

1386. Does the venous blood mix with the arterial in its return to 
the heart ? 

1387. How is nonrithment conveyed to different parts of the body ? 

1388. How dees the chyle serve to renovate and pbrify the blood .' 

1389. How is the blood relieved fimn its superaonndance of watst 
■adcavben.' 



WBt^nxmSoBiimm, Km it oomeft ia oonttust* irith the air wlikAk 
we Dieathe. The action of the aii on the blood -m the lunga, to in- 
deed concealed from our immediate obeervation ; hot we are able te 
fixrm a tolerably accurate judgment of it from the changes which it 
eliects, not oiily in the blood, but also on the air expire. 

The air, after {>assine'thr0ugh the lungs, is found to contain all 
the nitrogen inspired, but to nave lost part of its oxy^n, and to 
hare ao(iuired a portion of watery vapor, and of carbonic acid gas. 
Hence it is inferred, that when the air comes in contact with the 
Tenons blood in the lungs, the oxygen attracts from it the supera- 
bundant quantity of carbon with which it has impregnated itself 
during the circulation, and converts it into carbonic acid. This 
eas^us acid, together with the redundant moisture from the lun^sf 
being then expired, the blood is restored to its former purity, that 
is, to the state of arterial blood, and is thus again enabled to per- 
form its various functions. 

Caroline. This is truly wonderful ! of all that we have yet learn- 
ed, I do not recollect any thing that has appeared to me so curious 
and interesting. I almost believe that I should like to study anato- 
my now, though I have hitherto had so disgustinff an idea of it.-^ 
Pray, to whom are we indebted for these beautiful discoveries ? 

]mr8, B» Priestly and Crawford, in this country, and Lavoisier* 
in France, aire the principal inventors of the theory of respiration. 
Of late years, the subject has been further illustrated and simplified 
by the accurate experiments of Messrs. AUyn and Pep^s. But the 
suU more important, and inore admirable discovery of the circula- 
tion of the blood, was made long before, by our immortal countryr 
man, Hervey. 

linib/. Indeed, I never heard an£ thing that delighted- me so 
much as this theory of respiration, but I hope, Mrs. u., that you 
will enter a little more into particulars before you dismiss so inter- 
esting a subject. We left the blood in the lungs to undergo the 
salutarv change ; but how does it thence spread to all the parts of 
the body ? 

Mrs, B, After circulating through the lungs, the blood is collect- 
ed into four large vessels, by which it is conveyed into the left ven- 
tricle of the heart, whence it is propelled to all the different parts 
of the body, by a large artery, which gradually ramifies into mil^ 
lions of small arteiies, through the whole frame. From the ex^em- 
ities of these little ramifications, the blood is transmitted to the veins, 

* Not in actual contaet. In this case, it is obvious there would 
be nothing to confine the blood and prevent its flowing out. The 
air cells are separated from the blood vessels by an extremely Uiin 
membrane. — C. 

f The quantity of moisture discharged from the lungs in 24 hours, 
•may be computed at eight or nine ounces. 

-. 1390. What effect does respiration have on the air we breathe ? 

1391 . What becomes of the Uood when it has become purified in cir- 
^culating through the lungs ? 

1392. Who were the inventors of the received theory of respiration? 

1393. Who discovered the circulation of the blood ? 

1394. After the blood is purified in the longs, how is it spread to the 
various parts of the body ? 
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wfaleh biing it bade to the heart and Inogfs, to eo round ap&n and 
again in the manner we have just described. Ton see, therefdre, 
that the blood actually undergoes two circulations ; the one, through 
the longs, by which it is conyerted into pure arterial blood ; the 
other, a general circulation, by which nourishment is conyeyed to 
eyery part of the body ; and these are both equally indispensable to 
the support of animal life. 

Emdy, But whence proceeds the carbon with whidi the blood » 
impregnated when it comes into the lungs ? 

Mrs, B. Carbon exists in a greater 'proportion in\)lood than In 
organized animal matter. The blood j therefore, after supplying its 
yarious secretions, becomes loaded with an excess of carbon, which 
is carried off by respiration ; and the formation of new chyle froih 
the food affi)rd6 a constant supply of carbonaceous matter. 

Carpline. I wonder what quantity of carbon may be expelled fhmi 
the blood by respiration in the course of 24 hours'? 

Mrs. B. It appears by the experiments of Messrs. AUyn and ]Pe- 
pys, that about 40,000 cubic inches of carbonic add^gas, are emit^ 
ted from the lungs of a healthy person, daily ; which is e^uiyalent 
to eki)^ ounces of solid carbon eyery 34 hours. 

EmUy. What an immense qaantity ! And pray, how much of 
carbonic acid gas do we expel from our lungs at each respiratioii ? 

Mrs, B, The quantity of air which we take into our lungs at 
each inspiration, is about 40 cubic inches, which contains a little less 
thail 10 cubic inches of oxygen ; and of those 10 inches, one eighth 
is conyerted«into carbonic acid gas on passing once through the 
lungs* a change sufficient to prevent air which has only been breath- 
ed once from suffering a taper to bum in it. 

Carolme, Pray, how does air come in contact with the blood in 
the lungs ? 

Mrs, B, I cannot answer this question without entering into an 
explanation of the nature and structure of the lungs. Yo\i recol* 
lect that the yenous blood, oh being expelled from the tight ventricle 
enters the lun^s to go through what we call the lesser circulation; 
the large trunk or vessel conveys its branches out, at 'its entrance 
into the lungs, into an infinite number of very fine ramifications. 
The wind-pipe which conveys the air from the mouth into the lun^s, 
likewise spreads out into a corresponding number of air vessels, 
which follow the same course as the blood vessels, forming millions 
of very minute air ceUs. These two sets of vessels are so interwo- 
ven as to form a sort of net-work, connected into a kind of spon^ 
mass^in which every particle of blood most necessarily come im 
contact with a particle of air. 

* The bulk of carbonic acid gas formed by respiration, is exactly 
the same as that of the oxygen gas whkh msappears. 
" — ' ♦ . ' ■. ■ ■ ■ - 

1395. Whence proceeds the carbon with which the blood is impreg- 
nated on its return to the lungs f . 

1396. What quantity of caroon is expelled from the blood by respi 
ration in 24 hours ? 

* . ^ 1397. What is the quantity of air We take into our lungs at each res- 
piration? 
1398. How does the air come m contact with the blood in the longs 
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«n$ Tttielsy how eut thoy come ia contact ? 

jllrv. J9. They act-oa each either through ih» meiobTano whicb 
fynoB the eoate of these yeeaeU : for although th^ Aiembraoe pre- 
vnitt9 the Ueied and the air from nixing together in the langit, yet 
il WHO impediment to their chmicgal aetion on each other.* 

Unify. A^e the lungs ccMnposed entic^y of Uood Teasels and air 

sirs. B. I belieye they a<e, with the addition only of oenrea and 
•f « small quantilT of the oeUular subetanoe before mentioned, which 
, connects the whole into a uniform: mass. 

> Emify. Fny, -Why are the lungs always spoken of in the {toa^ 
•ttmber ? Are the^ more than one ? 

Mrs. B. Yes: for thoogH they form bat one. organ,, tliey realfy 
^omist of two comfMotnients, oalled 2960*, which are encbaed in sep- 
arate membranes or bags, each occupying one side of the chest, and 
Mug in dose contact, widi each other, but without ooamumieating 
legether. THis is a beautiful provision of nature, in conBe<itteiiee 
•f which, if one of the lobes be wounded, the other perfonns t4ie 
whole process of respiration till the first is healed. 
. The moody thus completed, by the process of respiration, foims 
ik» most complex of all animal compounds, since it contains not only 
the numerous matonals necessary to form the yaxions secretions, 
ns^ealiva, tears, 4eg., but likewise all those that ai?e required to 
nour&h the several parts of the body, as the masdes, bones, nerrest 
glands, .&c.f 

* It 18 not absolufel J certain that the change which the blood .nn« 
dergees in the lungs is entirely owio^ to the loss of carbon; stnco 
es^riments show that any animal siwstaace, even the hand, when 
confined in a portion of atmospheric air, lessens the quantity of ox- 
ygen, and produces a corresponding quantity of carbonic acid. It 
IS i^ossible, then, that the oarbon prodooed by respiratioi^ mar be 
dwing merely to the contact Jietween the air and the lungs.--<j. 

fThe process of secietidn doee not consist merely in the separa- 
tion of certain materials from the blood by the secreting organ ; but 
in many instances, entirely new products are formed, no traces of 
which have been detected' in the b^od. For instance, the solid 
matter of the bones is derived from the blood, yet not a partide of 
phosphat of lime« {a substance composing the basis of the bone,) is 
Mond in it. it appeaia, then, that the ^umA, which are the organs 
of secr^on, have the power of froduang from the ultimate atoms 
of the Uood, the variety of products peculiar to eaoh« Thus, the 
elands dtnaied about the eyes secrete the tears, a saline, pellucid 
itdd ; while the Mver secretes £rom the same, source, the bile, a 
greenish, opaque, bitter, and extremely nauseous substance. It is 
most probable that we shall ever remain in profound ignorance, ol* 
ni^ mode of imitating these operatioos.-^-C. 

*— "■ ■^m^^^-.m I I I . ■ I .1111 II n il a— ——..—— 

1399. If the blood and air are contained in separate vessels, how eaa 
they come in contact? 

1400. Are the lungs entirely composed of blood and air Tesssls? 

1401. Why are the lungs spoken of in the plural nuinberf 

1402. What forms the most complex of all the animal compounds? 

1403. What U said tf sscrttim in tUnoH^f 

97 
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Emify. There seeme to b^ a smgulsr analoffy between die Uooif 
of aninuds and the eap of yegetablee ; for eaen of these fluids ooa« 
tains the aereral matoials destined lor the nntritibn of the nmnotooff 
class of bodies to which they respectively belong. 

Mrs, B. Nor is the prodoction of these fluids in the animal and 
Teg[etable systems entirely difierent ;> for the absorbent yessela 
which pump up the chyle from the stomaeh and intestines, may be 
compared to the absorbenta of the roots of plants, which suck up 
the nourishment from the soil. And the analogy between the sap 
and the blood, may be^still fimher traced, if we follow the latter tn 
dhe course of its circulation ; for in the living animal we find eyetjr 
where organs which are possessed of a power to secrete from thtt 
blood and appropriate to themselves the* ingredientB requisite for 
their support. 

CaroUne, But whence do these organs deriye their respedivB 
powers? ' 

Mri. B. From a peculiar oiganization, the secret of which no one 
has yet been able to unfold. But it must be ultimately by means of 
the vital principle that both their mechanical and diemical powers 
axe brought into action. 

I cannot dismiss the subject ijf circulation without inentiomngr 
persfiirptioni a secretion whidi is inmediately connected with it, 
and acts a most important part in the animal- economy. 

CJarolme, Is not this secretion likewise made by appropiiato 
glands? 

Mrs, B. No ; it is performed by the extremities of the arteries, 
which penetrate through the akin and terminate under the cuticle, 
through the- pores of which the perspiration issues. When this fluid- 
is not secreted in excess, it is insensible, because it is dissolved by 
the air as it exudes from the pores ; but when it is secreted faster 
than it can be dissolved, it becomes sensible, as it assumes its Uquid 
state. 

Emily, This seeretion bears a striking resemblance to transpira- 
tion of the sap of plants. They both consist of the most fluid parts, 
and both exude from the sur&ce by the- extremities of the yessels 
tiirough which they circulate. 

Mrs, B, . And tl»9 andogy does not stop there ; ^or, since it hatf 
been ascertained that the sap returns into Uie roots of the plants, ' 
the resemblance between the animal and vegetable circulation, is 
become still more obvious. The latter, however, is far from being 
oomplete, since, as we observed before, it consists only in a rising 
and descending of the sap, whilst in animals the blood actually etr- 
adates tlurougn every part of the system. 

We have now, I thmk, traced the process of nutrition, from the 
introduction of the food into the stomach, to its finally becoming a 
constituent part of the animal frame. This will, therefore, be a fit 
period to conclude our present conversationv 

What further remarks we have to make on the animal economy 
shall be reserved for our next interview. 

1404. What analogy is there between the blood of animals and veg- 
etables? 

1405. Whence do the several organs derive Uieir respective powers * 

1406. How does perspiradon take place ? 

1407. When is perspiration insenstble ? 

1408. When does it become sensible ' 
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j&m^« Since our last interview, I hATe been thinking much of 
Ij^e theory of respiration ; and I cannot belp being struck with the 
resemblance which it appears to bear to the process of combustion. 
For in respiration, as in most cases of odmbustion» the air suffers a 
change, and a portion of its oxygen combines vfiih carbon, pnodu- 
cinff carbonic acid gas, 

S^s, ^. I am mudi pleased that this idea has oocorred to you ; 
these two processes appear so veiy analogous, that it has been sup- 
posed that a kind of combustion actually takes place in the lungs ; 
not of the blood, but of the superfluous carbon which the oxygen 
attracts from it. 

CaroUne. A combustion in our lungs ! that is a curious idea in- 
deed J But, Mrs. B., how can you call the action of the air on the 
Mood ia the lungs, oombuslion, w&ea neither light nor heat are pro- 
duced by it ? 

Eknihf. I was going^to make the same objection. Yet I do not 
conceive how the oxygen can combine with thaearbon, and produce 
carbonic acid without dieengaging heat ? 

Mrs, B. The feet is that lieat is disengaged.* Whether any 
fight be evolved V I cannot preteml to detemune; but that heat is 
produced in ooneideirabie and v^7 sensible quantities ia certain ; and 
ihis'is the principal, if not the only soiuroe of animal hsat. 

Unify. How wonderful that the Very process which purifies and 
elaborates the blood, should afford an inexhaustible supply of inter- 
nal heat ! 

Mrs. B. This is the theory of animal heat in its original stmi^ie^ 
ity, such nearly as it was first proposed by Black and Lavoisier. It 
appeared equaUy clear and ingemous ; and was at first geneiaUy 
adopted. But it was objected on second consideration, that if the 
whole of the animal heat was evolved in the lungs, it would neces- 
sarily be much less in the extremities of the body, than immediate- 
ly at its source ; which is not found to be the ease. This objectioB, 
however, which was by no means frivolous, is now satisfaotc^y 
lemoved by tiie following consideration .-—Venous blood has been 

* It has been calculated that the heat produeed by respiration in 
12 hours in the longs of a healthy person^ in such as would melt 
about 100 pounds of iccw 

1409. What analogy is there between respiration and combustion ? 

1410. What is the principal source of animal heat.' 

1411. What objection has been made to the hypothesis which as* 
eribes animal heat to respiration ? 

1412. If the whole of animal heat is evolved in the lunfs> why is it 
ad less at the extiemities of the body than at its souroe ? 
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found by experiment to have less ce^aitiiy for Kui^ HbML artflrial 
blood ; whence it follows that (he blood, in giadnally passing fiiom 
the arterial to the venons state, daring the eircolation, )>art8 with 
a portion of calorie, by means of wiuch hefct is diflused through 
cnrery part of the bodyi* 

JSmt/v. More and more admirable ! 

doBToiine. The cattte of animal heat was always a ^eiftet myslery 

* This is substantiailv Dr. Crawford's theory of animal heat : and 
liiM it n a most beautinil and ingenious one cannot be denied. Sub- 
itequeqi experiments have, however, proved its fallaoy. Dr. John 
Dirvy has shown that the difiereofce of capacity for beat, between the 
tiro'kiAds of blood is much less than was supposed by Dr. Crawford ; 
the oapacity of arterial being only one per cent, above that of venoos 
blood. Now it is obvious that this minute diferenoe cannot acoouBt 
Ibr afiimal temperature ; nor is it certain that even this smaH quan- 
Htf of heat is given out of the system. Another objecti^ is the 
Miult of an experiment of Mr. Brodie, This indeed seems to settta 
Ihe question that animal heat does not depend on any change which 
the blood undergoes in the lungs. He found that on keeping up an 
irtiiicial respiraaon in the luncfs of a decapitated animal, the blood 
W2Ji changed from black to red, and carbonic acid was given out as 
ttmal ; bat that the animal grew cold faster than another dead one, 
where such artificial respiration was not kept up. 

This, it is obvious would be the case, unless heat was caused by 
i^eapiration, as th^ air f(»tlad into the lungs would tend to oool the 
animal. 

Prof. Cooper, of Philadelphia, proposes another theory. *^ I see 
no material diMcuhy/' says he,/' in accounting for the i)roduction 
ef animal heat from the doctrine of latent heat. The fluids of the 
body lire incessantly employed to renew the solids ; when a fluid is 
don verted into a solid, heat or caloric is precipitated. This takes 
fitause every moment very gradnadly in every part of the system.'* 

We are ignorant of the train of arguments by which the learned 
Professor sup|K>rts his theory. But, if on the one hand, the conver- 
sion of a fluid into a solid prodnces heat, so it is equally well prov- 
ed, thai the conversion of a solid into a fluid produces cold. Now 
the solid parts of the body, after being deposited from the fluids, are 
sgatn converted into fluids by the absorbents. This theory, then, 
soeoums hr the production of heat only when the depoation is 
gfMler than the absorption, as during the growth of the system. 

From some expierimehts, made by Mr. Brodie, and Dr. Philip^ 
they have been induced to believe that animal temperature depends 
SB the influence of the nerves. 

In regard to this theory, it may be observed, that in some instan- 
mm wfam the nervous influence seems to be suspended, the heat of 
thepart remains much the same as in health. 

This subject has excited the attention of ihe learned and curious 
la $Sl ages, and a great variety of theories have been offered to ao- 

HIS. Wha itbjedicm is Aer€ i» Dr. Owu^d's tkeery ef ONsmal 
ksatf 

aU, WktiihFhrfteSitit'CoopS^'Sihsffrytfa^ihn^ 

1415. What t0s# &* ophlUt^ of Mr. MradU, mU Dr. PhStim, m As 
fW^Mt <7f sntinoZ kmtf 
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%tf me, 9siA t am Mighted with Ha ekphuiftfion. But, prty, Mis. B. , 
ioan 70U tell me what is the reason er the increase of heattiiat takes 
place in a fever f 

JBnuh/, Ja it not because we then breathe qoidcer, and, therefine, 
more heat is disengaged in the system? 

Mrs, B. This may be one reason: but I should tibmk that the 
principal cause of &e heat experienced in fevers, is^ that there is no 
rent for the caloric which is generated in the body. One of the 
most considerable secretions is the insensible perspiration; this is 
constantly carrying off eaioric m a latent state; but during the hot 
-stage of a fever, me pores are so contracted^ that all perspiration 
ceases, and the accnmnlatioii of caloiic in the body, occasions those 
bnmin: sensations which are so painful. 

Ermiy, This is, no doabt, the reason why the perspiration which 
often succeeds the hot eti^ ^ & fever, affords so mndi relief. If I 
had known this theory ofanimal heat when I had the fever last 
summer, I think I should have found some amusement in watching 
die chemical processes that were going on within me. 

Otrof'tie. But exercise likewise produces animal heat, and that 
must be quite in a diffisrent manner. 

Mrs, B, Not so mudi as you think ; for the more exercise you 
take, the more the body is stimulated, and requires recruiting. For 
this purpose, the circulation ci the blood is quickened, the breath 
pn^rtionally accelerated, and consequently a greater quantity of 
calor.'C evdved. 

QiToUne, True ; afier runninff very fytftj I gasp for breath, my 
re^iration is quick and hard, ana it is just then that I begin to feel 
hot. 

JSnufy, It would seem, then, that violent exercise should produce 
fever. 

Mrs, B, Not if the person is in a good state of health ; for the 
additional caloric is then earned off by the persqpiration which suc- 
ceeds. 

Bmiiy, What admirable resources nature has provided for usl 
By the production of animal heat she has enabled us to keep up the 
temperature of our bodies above that of inanimate objects; and 
whenever this source becomes too abundant, the excess is carried ' 
of by perspixation. 

Mrs, B, h is by the same law of nature that we are enabled, in 
ail climates, and m all seasons, to preserve our bodies of an equal 
tempeiat jie, or at least vety nearly so. 

Caroline, You cannot mean to say that our bodies are of the 
same temperature in summer, and in winter, in England, and in the 
West Inoies ! 

Mfs, B. Yes, I do ; at least if you speak of the temperature of 

coniit for it« We have seen none, however, tor which insuperable 

objections may not be brought We must, therefore, at present 

be contented with attributing the production of animaJ warmth to 

(he energies of the vital principle ; leaving it to future generations 

'o determine and define its immediate cause. — C. 

* J ■■■■■■■■' ■ i ■ .1 i ■ < 

1416. What is the reason of heat in a fever ? 

1417. Why does ezsrcise produce an increase ofanimal heat ' 

1418. Why does not violent exercise produce &reTB? 
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tb9 Uoody ta4 dM intinMl puto of tbe body : kat Umm wiuoii ai* 

iamediat^y in oootaet with the atmo^heiey Aicb as the hands and 
ftosy wiU oocasionaUy get wanner, or colder, than the int^nal or- 
OMne sheltered pails. If yon put the holb of a themometer sn 
yoar month, which is the best way of asoeitaining the real tempm^ 
Uoe of year body, yon will scarcely jpereoive any diflbiencb m its 
indication, whatever may be the difnrenee of temperatnxe of the 
atmosphere. 

Caroline. And when I feel overcome hy heat, I am zeally not 
hotter than when I am shivering with cold i 

Mrs, B, When a person in health feels very hot, whether firom 
intemsl heat, from violent exercise, or from the ten^rature of the 
atmosphere, his bpdv is certainly aiittle warmer than when he feeb 
very eek); bnt this diflfeience is much smaller than ooi sensations 
would make us believe ; and the natural standard is soon restored 
1^ rast and by perspiration. It is chiefly the external parts .that 
are wanner, and I am sure yon will be surprised to hear that the 
internal temperature of the body scarcely ever descenda below 
nineU^five on ninety-six degrees, and seldom attains one hundred 
and K»ur, or one hundred and £ve degrees, even in the most violent 
fevers. . 

Emibf, The greater quantity of caloric, therefore, that we receive 
flrom the atmosphere in summer, cannot raise the temperature <tf 
our bodies beyond certain limits, as it does that of inanimate bodiea« 
because an excess of caloric is carried of by perspiration. 

CaroUini^ But the tesuMrature of the atmosphere, and conse- 
queotly, that of inanimate oodiea^ is surely never so high as that of 
uiimal heat. 

Mrs, B* I beg your pardon < In the East andWest Indies, and 
sometimes in the southern parts of Europe, the atmosphere is fr»> 
qaentlv above ninety-eight degi^es^ which is the common temperar 
ture of animad beat. Indeed, even in tbiis country^ it occasionally 
happens that the sun's ra^s, setting lutf on an object, elevate its 
temperatuiB above that point. 

In illustration of the power which onr bodies have fo resist the 
efibcts of external heat. Sir Charles Blagden, with some other ffen** 
Uemen, made several very curious experimestSr He remainea for 
some timis in an oven heated to a temperature not much inferior to 
Uiat of boiling water, without sufiermg any othe^ inconvenience 
than a profuse perspiration, which he supported by drinking plenti** 
fully, 

Endfy, He conld scarcely consider the perspiration as an incon' 
venienoe* since it saved him from being baked, by giving vent te 
the excess of caloric. 

CaroUns* I always thought, I confess, that it was from the heal 
of the perspiration that we sufiered in summer. 

Mrs, B, You now find that you are quite mistaken.^T'Wheneve' 
evaporation takes place, cold, you know, is produced in conae* 

quence of a quantity of caloric oeing carried off in a latent state ; 

_ ■■ — - ■ — ^ _ _ — 

1419. Does the degree of animal heat vary witti the change of cli- 
mate? 

1420. How is it that the temperature of the body remains eaientisl* 
ly the same in summer and winter, and in dtflbrent climates ? 

14SI. What exDeriment was made by Sir Charles Blagden npos 
thiisohjset^ 
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Ikit 18 tba ease with penpimum, and It is in this in^^ tint it aiSnds 
raliof. It m OB that aoooant, also, that we are so apt to eatek^oU^ 
wlien in a state of profuse perspiratioii. It is for the same reasM 
that tea is most reneshing in suminer, though it i^pears lo heat jpsa 
at the moment yon drink it. 

Smify. And In the winter, on the eontrary, tea is pleasant ona^- 
esnnt of itsheat. 

Mrs. B, Yes; for we have then to guard rather againat a defr 
eieney than an excess of calorie, and you do not find that tea will 
excite perspiration in wmter, unless alter dancingf or any other ▼!(► 
lent exereise. 

. CkaroUne. What is the reason that it is dangerous to eat ice after 
dancing, or to drink any thing cold when one is yery hot ? 

Mrs, B* Because the loss of heat arising from the perspiration, 
eonjointly with the chill occasioned by the cold draught, produced 
more cold thui can be borne with safety, unless you continue to use 
the same exercise after drinking that you did before; for. the heat 
occasioned by the exercise, will counteract the efibcts of the c(dd 
diink, and the daliger will be remoyed. You may, however, con- 
trary to, the common notion, consider it as a rule, that cold liquids 
may at all times be drunk with perfect safety, however hot you may 
laeJ,* provided you are not at the moment in a state of g^eat pers- 
piration, and on condition that you keep yourself in gentle exercise 
afterwards. 

Emily, But since we are furnished with such resoi»ces affainsi 
the extremes of heat and cold, I should have thought that aU d^ 
mates would have been equally wholesome. 

Mrs. B, That is true, m a certain deffree, in regard to those who 
haye been accustomed to them from bir&; for we find that the na- 
tiyes of those climates which we consider the most deleterious, are 
as healthy as ourselves ; and if such climates are unwholesome to 
thoee who are habituated to a more moderate temperature, it is be» 
eanse the animal economy does not easily accustom itself to consid- 
erable changes. 

CaroUns. But, pray, Mrs. B., if the circulation preserves the 
body of an uniform temperature, how does it happen that animals 
axe sometimes frozen ? 

Mrs, B, Because, if more heat be carried off by the atmosphere 
than the drcnlation can supply, the cold vnll finally prevau, the 

•The common notion on this subject, is certainly the most safe. 
A person heated, and almost exhausted by exercSe on a hot da/ 
ought never to drink any cold liquid, except in very small quantities 
at a time. Not a summer passes but we hear of deaths by drinking 
oold water after violent exercise. — C. 

14S2. Why are we apt to take oold in a state of proluse perspira- 
tion? 

1423. Why is hot tea refreshing in the warm weather of summer? 

1424. Why is not a quantity or caloric carried off by the use of hot 
drink in winter, as well as summer ? 

1425. Why is it dangerous to drink cold water when in a state of 
profuse perapirataon ? 

1426. if the circulation pveserves the body of a uniform temperatoie, 
how does it happen that animals are someUmes froaen ? 



IwMt wffl eeM> to he>t» fd the Miim»l wiflbftfriM. JknA^lSkt- 
^mtf if the bodj lensined long exposed to ademe of heat, gneatar 
than the p ei Bfjiralt on eocild eurj off, it wow» at hMt, me iha 
power of ledfltiag its destmctive infiaenoe.' 

Cmroime, Fish, I soppoee, have no animai heat, haft only paitaka * 
ef liie tempefatiire of the water in whidi they live.* 

JSnibf. And their coldness, no doubt, proceeds from their net 
hvoathing? 

Mm. R, All kinds offish bieatheJBom or less, thoqghin anneli 
mallBr defiee thaa had animahi. Nor are they entirely destitiita 
of animal heat, thoogh, for the same reason, they are nnch colder 
tiMtt other ereatoxes. They hare comparatively but a very sdmU 
quantity of blood, therefiire bat very little oxy^n is required, and 
a pn^rtionally small quantity of animal heat is generated. 

OaroknA, But how can fish breathe under water ? 

Mn. jB. They breathe by means of the air whieh is dissolved in 
llto water ; and if yooput them into water, deprived of air by boilr 
kflS they ate soon suflbcated. 

If a iiini is confined ina vessel of water dosed fitom the air,it soon 
dies ; and any fish put in afterwards, would be kflled immediatetyj 
as all the air had been previously consumed. 

Qtrokne, Are there any species of animals that breathe mon. 
than we do? 

Mrs, B. Yes ; birds, of all animals^ breathe the greatest quanti^ 
of air in proportion to their siae; and it is to this tmit they are sup- 
posed to owe the peculiar finnness and strength of their mufleles,% 
whieh they are eiu^led to suppsrt the violent exertion of flyinff. 

This dmerence between birds and fish, which may be considered 
as the two extremes of the scale of mus^ilar strength, ia well woxth 
observing. Birds, residing constantly with the atmosphere, ear- 
rounded oy oxygen, and respiring in greater proportions than any 
other species of animals, are endowed with a grei&er degree of miisi> 
snlar strength, whilst the muscles of fish, on the contrary, are fia^ 
eid and oily ; these animals are comparatively feeble in their mfr* 
tions. and their temperature is scarcely above tluLt of the water in 
vriuch they live. This is, in all probability, owing to their impes^ 
feet respiration ; the quantity of hydrogen and carbon, that m m 
sonsequence accumulated in their bodies, forms the oil which is so 

* Animals belonging to the order of Oetie of Naturalists, though 
tlisy inhabit the sea, breathe atmospheric air, and have hot, red 
blood. This order indudes whales, dolphins, narwais, &c*«-^. 

. 1427. Why are fish colder than land animaU? 

1428. How can they breathe under water ? 

1429. How can it m prpved that fish cannot live without air ? 

1430. What animals breathe the greatest quantity of air, according 
to their aiae ? 

1431. To what is the firmness and great strength of muscles Jn fairdb 
owing.' 

14&. To what is .the oily nature of fish and amphibious. aaixna)p 
owiog? 



mttui^h <A«rtetierutie of ^st meie^ oftadtoA^ and w liicl i rtfl A w 

«ad softens tbe small qnantity of fibnne vhich ^eir mnsele^ eontdtt. 

OiroUne. Bat, li&s. B., ttrere are some species of bircbi that fire- 

* tfoent botk elements, as, mt instance, dack^ and otfanor water finrL 

Of wliat nature is the flesh of these ? 

Mr$, B. Snch birds, in ffeneral, make bnt lit^ use of their 
iHnffs ; if they ily, it is hnt mbly, and only to a short d]stance.-<«» 
Their flesh, too, partakes of the oily natore, and eren in taste some* 
^ times resembles tnat of flsh. This is the case not only with the 
tayioos kinds of water fowls, bat with all other amphibioos annsutb, 
as the otter, the crocodile, the lizard, &c. 

CaroUne. And what is the reason that reptiles are so defieietft in 
maseolar stren^ ? 

Mrs, B, It 18 because they usually live under ground and seldom 
eome into the atmosphere. They have imperfect, and sometimes 
no discernible organs of respiration ; they psurtake, therefore, of the 
Joft, oily nature offish ; inaeed many of tnem are aa4>hibious, as 
fiog^, toads, and snakes, and very few of them find any difiicnltyin 
remaining a length of tim^ under water.* Whilst, on the contrary, 
the insect tribe, that are so strong in proportion to their size, ura 
alert in their motions, partake of the nature of birds^ air being their 
peculiar element, and their organs of respiration being comparatiye- 
ty larger than in o&er chsses of imtmals. 

Thate now given ^rou a short account of the principal amnnfl 
ihnctions. Howerer interesting the subject may appear to yon, a 
faHer investigation cf it would,! fear, tead us too rar from our ob- 
ject. 

Emil§, Tet I shall not quit it without much regret ; fi>r of all the 
applications of chemistry, these appear to me the most curious and 
most interesting. 

Cbro^me. But, Mrs. B., I must remind yon that you promised lo 
gfve us some account of the nature otmSk, 

Mrs, B, True. There are several other animal productions thai 
deserve likewise to be mentioned. We shall begin with milk, which 
is certainly the most important and the most interesting of all the 
animal secretions. 

^ Milk, like aU other animal substances, ultimately yields by anaI]^ 
lis, oxygen, hydrogen, carbon, and nitrogen. These are oomlnaed 
in it under the forms of albumen, gelatine, oil, and water. But milk 
oontains, besides, a considerable portion of phospfaat of lime, tbe 
purposes of which I have already pointed out* 



.«•* 



* Amphibious animals have the power of susperiflisg respiration 
ibr a considerable time. It is in consequence of this, Uiat they tarn 

enabled to live under water.-*«<?. 

— • . - — .^.^_,^_^^ pi — 

,^ 1438. What is the natwe of the flesh of amphibio«saQiiat]sf 

1434. Why ateieptitessodefieientinmasenlarstien^? 

1435. How art ampkiHous amnuds auMed to remam m loiff tkm 

1436. Whataretheisgredientsofrtilk? 

1437. In what may muk be deeempossd witiiMil my themiial as* 
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). Tea; it is this salt which serves to nonrisb the teote 
bones of the suckling. 

Mrs, B. To redace milk to its elements, would be a very oompE* 
cated, as well as useless operation; but this fluid, without any 
chemical assistance, may be decomposed into thiee parts, cream^ 
eurds^ and wheu. These constituents of milk have but a very slight 
affini^ for each other, and you find accordingly that cream separ 
rates m>m milk by mere standing. It consists chiefly of oil, which 
being lighter than the other parts. of the milk, gradually rises to 
ihB surface. It is of this, you know, that butter is made, which it 
nothing more than oxygenated cream. 

Caroline* Butter, then,' is somewhat analogous to the waxy sab 
stance formed by the oxygenation of vegetable oil. 

Afr*. B, Very much «>! 

Unify, But IS the cream oxygenated by churning ? 

Mrs, B. Its oxygenation commences* previous to churning, mere^ 
ly by standing exposed to the atmosphere, from which it absorbs 
oxygen. The process Is afterwards completed by churning ; tlM 
violent motion which this operation occasions, brings every particle 
of cream in contact with tne atmosphere, and thus ^cuitates its 
oxygenation. 

Oaaroline, But the e^ct of Churning, I have often observed \h 
the dairy, is to separate the cream into two substancesy butter and 
batter-milk. 

. Mrs, B. That is to say, in proportion as the oily particles of the 
.cream become oxygenated, they separate from the other constitaent 
parts of the cream m the form of butter. So by churning you pro- 
duce, on the one hand, butter, or oxvgenated oil; and, on the other, 
batter-milk, or cream deprived of oil. But if you make butter by 
churning new milk instead of cream, the butter-milk vidll then be 
exactly similar in* its properties to cream or skimmed milk. 

Caroline* Yet butter-milk is very different from common skim- 
med milk. 

Mrs, B, Because you know it is customary, in order to save time 
and labor, to make butter from cream alone. In this case, there- 
fore, the butter-milk is deprived of the creamed milk, which contains 
both the curd and whey.. Besides, in consequence of the milk re- 
maining exDosed to the atmosphere during the separation of the 
cream, the latter becomes more or less acid, as well as the butter- 
milk which it yields in churning. 

Emify, Why should not the batter be equally acidified by oxy- 
.geaation? 

Mrs. B. Animal oil is not so easily acidified as the othei: ingvedi- 
ents of milk. Butter, therefore, though usually made of soar cream, 
is not sour itself, because the oHy part of the cream had not been 

*It is proper to mention that the oxjrgenation of cream, which is 
taken for granted in the above theory, Ib a disputed fact.--^!!. 

1437. What causei the cream to rise on the top? 

1438. What is the chemical name of butter f 
1499. Why does churning convert cream to butter ? 

1440. When separation takes place in the cream, why is the batlsr 
aulk sour and the cieajB sweet? 



iddifitfd. Botter, howerer, is sosoeptible of becoming add bj an 
ttCoesB of oxygOB ; it k then said to be nncid, and prMuces the a^ 
bade acid, the same as that which is obtained from fat. 

Emifyr If thft be the case, might not rancid batter be sweetened 
hy mizmji with it some substaaee that woald take the acid from it? 

Jlfr«. JB. This idea has been sogeested by Sir H« Davy, who snfH 
poses that if rancid butter were well washed in an alkaline solution, 
the alkali would separate the add fron^ the butter. 

Caroline. You said just now that creamed mUk consisted of ciod 
and whey* Pray how are these separated ? 

Mrs. B, They may be separated by standing for a certain length 
of tinoie exposed to tM atmosphere ; but thn decompodtion may be 
almost instantaneoudy efiected by the chemical agency of a vanety 
of substances. Alkalies, rennet,* and indeed almost all animal sub- 
stances, decompose milk by combining wiUi the cu^rds. 

Acids and spirituous limiors on the other hand,* produce a decom- 
position by combining with the whey. In order, therefore, to ob- 
tain the whey pure, rennet or alkdine substances must be used to 
itinu^t the emus from it. , 

But if it be wished to obtain'the curds jpure, the whey must be 
M^iarated by adds, wine, or other spirituous liquors. 

JBndb/, This is a yeiy useful piece of informatko ; for I find 
white-wine whey, which I wmiethnes take when I have a cold, ex- 
tremely heating ; now, if the whey were separated by means of an 
alkali mstead of wine, it would not produce that effed, 

Mrs* B. Perhaps not* But I would strenuously advise you not 
to place too much reliance on your dight chemical knowledge in 
medical matters. I do not know why whey is not separated from 
eurd by rennet, or by an alkali, for the purpose which you mention, 
but I strongly suspect that there must ne some good reason why 
die preparation by means of wine is generally preferred. I can, « 
howeyer, safely point out to you a method of obtaining whey with- 
out either alkali, rennet or wme ; it is by substituting lemon juiee, 
a very small quantity of which will separate it from the curd. 

Whey, as an article of diet> is yerv wholesome, being remarkably 
light of'^digestion. But its e^ct, taken medicinally, is chiefly, I be- 
lieve, to exdte perspiration, by being drunk warm on going to bed* 

From whey a substance may be obtained in crystals by evapora- 
lion, called s^ar of milk. This substance is sweet to the taste, and 
in its compodtion is so analogous to common sugar, that it is sus- 
•eptible of undergoing the ymous fermentation. 

* Rennet is the name giyen to a watery infudon of the coats of 
theetomaeh of a sucking calf. Its remarkable efficacy in promo* 
lin^ coagulation is, supposed to depend on the gastric juice with 
which it IS impregnated. 

1441. What eaoses butter to become randd ? 

1442. How may rancid butter be made sweet ? 

1443. How is milk from which the cream has been taken, decompos- 
ed, or conyerted into curd or whey ? 

1444. How is pnm whey obtained from milkf 

1445. How is pure curd obtdned from it ? 

1446. Why is whey as an article of diet, wholesome f 
U47. How is the sugar of milk obtained ? 



CkwoUm. Why then k not wiae, at akeboly made ftom wkey' 

Mrs* B. The qnaodty of sugar cooUined m milk is ao trifliitg^ 
that it can hardly answer that purpose. I. have heard of only ^ne 
idstaBoe ef its beii^ used for (he production of a sjori^ous liquor and 
this is by the Taxtaa Arabs ; their abundance of horses, as well as 
th^ scarcity of fruits, has introdueiBd the fermentation oi mafes' 
mOk;, hy which they produce a liquor called kaumu$. Whey is 
likewise susceptible of being acidified by combining with oxygen 
fieom the atmosphere. It then produces the lactie aad, which you 
may recollect is classed with the animal acids, as the acid of nulk* 

Let us now see what are the properties of curds. 

JEmify. I know that they are made into cheese ; but I have heard 
that for that.purpose they are separated firom the whev, by the ren- 
net, and yet this you have just told us, is not the method of obtain- 
ing pure curd ? 

iU&'j, B. Nor are pure cords so well adapted to the formation ^f 
cheese. For ^e nature and flay<» of the cheese depends in a great 
measure, upon the cream or oily mattes which is len in the cmrds ; 
so that if every particle of cream be removed 60m the curds, the 
cheese is scarcely eataUe. Rich cheeses, such as Cream and Stil- 
ton cheeses, denve their excsellence from the. quanti^, as well a» 
the quahty of the cream, tiiat enters into their composition. 

CaroHne* I had no idea that nulk was such an interesting confer 
pound. In many respects there appears to me to be a very stnkiaf 
analogy between milk and the contents of an egg^ both in resped 
to their nature and their use. They are, each of them, eompoeed 
of the vaiious substances necessary ior the nourishment of the yonn^ 
animal, and equally destined for that purpose. 

Mrs, B. There is, however, a ver}r essential difference. The 
young animal is formed as well as nourisfaed, by the contents of the 
effg^snell ; whilst milk serves as nutriment to the suckling, on^ 
aner it is bom. 

There are several peculiaJr animal substances which do not en- 
ter into the general enumeration of animal compounds, smd which« 
faoiwever, deserve to be mentioned. 

Sjpermaceii is of this class ; it is a kind of oily substance obtainfld 
from the head of the whale, which, however, must undergo a cer* 
tain preparation before it is in a fit state to be made into candles, 
it is, not much more combustible than tallow, but it is pleasanter to 
bum, tts it is less fusible and less greasy. 

Ambergris is another substance derived from a species of whale* 
It is, however seldom obtained from the animal itself, but is gene- 
rally found floating on the surface of the sea. 

WaXy you know, is a concrete oil, the peculiar product of the bee, 
purt of the constituents of which may probably be derived irom 
flowers, but so prepared by the organs of the bee, and so mixed 
with its own substance, as to be decidedly an animal product. Bees 
wax is naturally of a yellow cobr, but is bleached bv long expo- 
eure to the atmosphere, or may be instantly whitened by the axj' 

1448. Do pure curds make good cheese ? 

1449. On what does the quantity of cheese depend? 

1450. From what is spermaceti obtained ? 

1451. Whatisambei^ris^ 



mqiistie acid. The combustion of wax is ftr more perfect than 
that of tallow,, and consequently produces a greater quantity of 
light and heat. 

Lae is a substance very similar to wax in the manner of its KNrm- 
ation : it is the product of an insect, which collects its ingredienti 
from flowers, apparently for the purpose of protecting its eggs froiitf 
injury. It is formed into ceHs, Mricated with as much skill a» 
those of the honey comb, but difierently arranged. The princ;mil 
use of lac is in the manufacture of sealing-wax, and in makmg 
yaniishes and lacquers. 

Mtu^, dvety and castor, are olher particuhur ptoductions from 
different species of quadrupeds. The two first are very powerfoi 
perfumes ; the latter has a nauseous smell and taste, and is only 
used medidnally. 

Otrohne^ Is it from this substance that castor oil is obtained ? 

Mrs, B. No. Far from it, for castor oil is a vegetable oil, ex-* 
pressed from the seeds of a particular plant ; and has not the least 
resemblance to the medicinal substance obtained from the castor. 

SUk is a peculiar secretion of the silk worm, with which it builds 
its nest or cocoon. This insect was- originaliy brought to Europe 
from China. Silk in its chemical nature is very similar ti ^ 
hair and wool of animals ; whilst in tiie ii»ect it is a fluid, whi h 'yk 
coagulated, apparently by uniting with oxygen as soon as it ci mes 
in contact with the air. The moth of the silk-worm ejects a liquor 
which appears to contain a peculiar acid, called bombic, the proper- 
ties of which are but very uttle known. - 

JEmily, Before we conclude the subject of the animal economy, 
shall we not learn by what steps dead animals return to their ele- 
mentary state .' 

Mrs. B. Animal matter, although the most complicated of all 
natural substances, returns to its elementary state by one single 
spontaneous process, the mUrid fermentaium. By this, the albu- 
men, fibrine, &c. are rit^wiy reduced to the state of oxygen, hydro- 
gen, nitrogen and carbon i and thus the circle q|» changes through 
which these principles have passed is finally completed. They fint 
quitted their elementary form, or their combination with unorgan- 
oed matter, to enter into the vegetable sjrstem. Hence they were 
tmnsmitted to ^e animal kingdom ; and from this they return again 
to their primitive »mplicity, soon to re-enter the spliere of organ- 
ised existence. 

When an the circumstances necessary to produce fermentatioB 
do not take place, animal, like vegetable matter, is liable to a par- 
tial or imperfisct aecomposition, which converts it into a combusti- 
bie substance very like spermaceti. I dare say that Caroline, who. 
IS so fond of analogies, will consider Uiis a kind of animal bitumen. 

Caroline, And why should I not, since ^e processes which pro- 
dhce these substances are so similar ? 

Mrs* B. Then is, however)<Mie considerable dififorenee ; the stale 
of bitumen seems permanent, whilst that of animal substances,, thw 
imperfisctly decomposed, is only transient ; and unless precaution* ^ 
be taken to preserve them in that state, a total dissolution xn&Uibi)^ 

1452. How does wax compare with tallow for combustion ? 
1463. Whatislae? 

1454. What account could you give of silk ? 
1456. How does dead animal matter return to its original stale? 

S8 
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eosaes. This drcoxnstanoe, of the occasional co&Teision of auiaal 
matter into a kind of speimaceti, is of late discoTery. A mannfao- 
tnie has ifi consequence heen established near Bristol, in which, by 
ezposinff the carcasses of horses and other animals for a length of 
time under water, the muscular parts are conyerted into this sper- 
maceti-like substance. The bones afterwards undergo a diflfeient 
process to produce hartshorn, or more properly, ammonia, and phoft- 
phorus ; and the akin is prepared for leather. 

Thus art contriyes to enlarge the sphere of useful purposes, for 
which the elements were intended by nature ; and the productions 
of the several kingdoms are frequently arrested in their course, and 
yaiiously modified, by human skill, which compels them to contri- 
bute, under new forms, to the necessities or luxuiies of man. 

But all that we enjry, whether produced by the spontaneous ope- 
rations of nature or the ingenious eflbrts of art, proceed alike fiom 
the goodness of Providence, To God alone man owes the admira- 
ble raculties which enable him to improve and modify the TOroduc- 
tions of nature, no less than those productions themselves. In con- 
teqiplating the works of the creation, or studying the inventions oi 
art, let us, therefore, never forget the. Divine source from which 
they proceed ; and thus every aoqaisition of knowledge will prove 
a l^son of piety and virtue. 
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BT DR. J. L. GOMSTOCK, OP HARTrORD. 

Apkiogistic or I^ameless Lan^. 

In the Gosk 
struction of this 
LaD^>, the ob- 
ject IS to keep a 
coil of wiro in a 
state of ignition, 
without either 
flame or smoke. 
The principle 
on which it is 
oonstracted, I be- 
lieve was first 
duoovered by Sir 
H. Davy. Ho 
found that on 
heating the end 
__^^^_^______^_____^__^^^ of a piece of 

Fig. 1. A. The coy of platlna wlw. B. The glaM tube P^»*"^ ,^^"?J*? 
SMiuiiiiiiftiMwiek. Pig. 8. TiMLuipcoiBfl^ta. D. The hot, and mstant- 
ti^fiitcliarglBg. ly^ holding it 

near the surfaee 

14S6. What manufiiotare is it mentioiied has recently been fonned 
isBiistol? 
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of some ethor, placed in a wine glass, the wire was kept at a red 
heat as long as the experiment was continued. 

Whether Sir Humphrey pursued the siibject any furtlier, I am 
not informed. It is most probable, however, that he did not, as it 
is stated in a London paper of the last year, that Prof. Ure, of Glas- 
gow, had determined the circumstances which modify the perform- 
ance of the lamp, and that one constructed by him was in full opera- 
tion in that city, (London) and had excited much public curiosity. 
This notice contained some directions concerning the size of the 
wire to be used, and* the manner of coiling it. I have, howerer, 
seen no description of this lamp which would enable one readily to 
construct it. The following may, therefore, interest such reallerB 
as have seen an account of so curious a diwovery. 

The principle on which the aphlogistic lamp is constructed, in- 
volyes two conditions which are absolutely requisite, viz. that we 
make use of a combustible substance which evaporates at a low 
degree of heat, and a metal which is a bad conductor of caloric. 
For the combustible, alcohol seems best suited for this purpose. 
Sufyhuric ether, aside from its high price, and disagreeable smell, I 
have sometimes found to fail ; the ignition ceasing without any ob- 
vious cause. 

In regard to the metal, gold and silver, both fail in consequence 
of the rapidity with which they conduct caloric. Silver, too, would 
soon be destroyed by the intense heat. Iron, although so bad a 
conductor, as to remain ignited for a time, soon fails, beina^envert- 
ed into red oxide. Platina seems to be the only metal adapttti to 
our purpose, being a slow conductor of caloric, and not easily oxida- 
ted at the highest tem])eratures. 

This is to be drawn into wire of 56-1000 or 60-1000 of an inch in 
diameter, being about the size of a card, or brass wire. No. 26. 
Experience has shown that this size succeeds better than any other. 
If larger, the heat is carried off too fast and the ignition ceases. If 
much finer, it does not retain sufficient heat at the lower part of the 
coil to keep up the evaporation of the alcohol fyftn the wick. 

The coiling of the wire, and the adjustment of the wick, are the 
most difficult parts of the construction. 

The coil, A. fig. 1, p. 322, is made by winding the wire round a 
piece of wood, cut of the proper size ana shape. The size is deter- 
mined by the bore of the glass tube, allowing for the diameter of 
the wire. The shape is plain cyUndrical in that part which enters 
the tube ; and slightly conical where it projects above the tube as 
seen in the figure. (I believe this is the best shape, though I have 
succeeded as well when the coil is of the same shape throughout. ) 

In winding the coil, it is best that the turns of the wire shoald 
oome in contact. Aflemards it is to be gently extended, so as to 
leave the turns as nearly as possible to each other, without touching. 

The diameter of the coil is about one sixth of an inch where it 
enters the tube. Its length half an inch, or a little less, containing 
from twenty to thirty turns of the wire. The projection above the 
tube is about one half the length. 

B. Fig. 1, is a glass tube containing a eotton wick, which by ^ 
pillary attraction carries the alcohol up' to the platina coil. The 
length of this is arbitrary, being from one to th^e or four inchra. 
The bore is about the sixth of an inch, so as barely to admit the coiL 
The wick, consisting of eight or ten threads, is first drawn through 
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the tube, and then introduced about half way into the coil, so as to 
come CTcn with the top of the tube. This requires yery nice ad' 
JDStment. If the wick is too high, the wire is rapidly cooled by the 
alcohol, and ignition ceases in a few moments. If too low, the evap- 
oration by the heat of the wire is insufficient. If, however, the 
•ther parts are well constructed, a few trials will ensure success. 

Fie. 2, shows the lamp complete. The body of it is a low viat 
or inkstand, capable of holding about two ounces of alcohol. It is 
stopped accurately with a cork, which is covered for ornament, with 
tin foil. The aperture for admitting the tube and wick, is made 
with a hot iron. 

]). is a small tube through which the alcohol is poured. A dnp^ 
fins' tube is convenient for this purpose, but a small funnel is easur 
maae by cutting off an inch of the neck of a broken retort, into which 
is pushed a cork, and through this a small quill. Another orifice 
still, for letting off the air, as the alcohcd goes in, may be made 
through the cork. The orifices of couise are to be stopped, to pre- 
vent evaporation, after the lamp is charged. 

When the lamp ia completed and charged, the afeohol is inflamed 
by holding the coil in the blaze of a candle. After letting it bum 
for a few minutes, the flame is blown out, when if every thing i» 
properly adjusted, the wire will continue red hot until the alcohol 
10 exhaasted. 

The explanation why the ignition of the wire is pennanent, seem* 
to h& sufficiently simple. Alcohol, when in the state of v^[>or> 
combines with oxygen with great facility. The temperature of the* 
wire is first raised by the fiame of the candle to about 600 degrees, 
Fahrenheit. This degree of heat is such as to efiiect the combus- 
tion of alcohol with the oxygen of the atmosphere. When this is 
once effected, the caloric extricated by the combustion of the alcohol, 
is sufficient to keep the coil at a red h»at, whidi again is the tem- 
perature at which the alcohol £b combustible, so thaf one portion of 
alcohol by the absorption of oxygen, and the consequent extrication 
of heat, lays the foundation for the combustion of another portion ;. 
and as the alcohol rises in a constant stream, so the effect is con- 
stant. The stream of vapor is much increased by the heat of the 
lower part of the coil, where it embraces the wick, and the tempera- 
ture of the alcohol is increased before it reaches the part of the coil 
where combustion is efiested. Sometimes the last, or upper turn 
ef the wire only is kept red hot. 

This lamp, thoug[h one of the most curious inventions of the a^, 
is not merebr a curic^ity. The facility and certainty with which 
by means of a match, a light may be obtained from it, constitutes its 
atility. The proper matches for this purpose are pr^ared by dip- 
j^ing the common brimstone matches into a paste made by mixine 
two parts of white sugar with one parlbf chlorate (oxy-muriat) of 
fotash. The red French matches are of this kind, and answer the 
purpose completely. 

In cases where a light might be wanted, but a constant one would 
he offensive, this lam|> might be a great convenience : a light being* 
Ipamediately obtained by merely touching a match to the platina 
eoil, and then to the wick bf the candle. Physicians or others whi> 
lie liable to be called up in the night would also find k eonvenieni 
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Jin Additional Converstation from the last London Edihon 



CONVERSATION XXVII, 



ON THE STEAM-ENGINE. 

Mrs, B, In this conversatioa I propose to give you some account 
of the steam-engine.. Since its original invention about the middlB 
of the 17th century, it has, by a long series of improvements, attain- 
ed such a degree of perfection that it now not only works our aaan- 
ofactures, but is begmning to be applied to their conveyance both 
by land and water. Steam-boats, you know, are already in gene- 
ral use ; locomotive steam-engines are employed on rail-ways in 
several parts of England, to draw coals from the mine to the place 
of shipment ; and a rail- way is now in considerable forwardness for 
the purpose of conveying the multiplicity of goods which pass firom 
Manchester to the port of Liverpool by means of these self-moving 
carriages. 

CaroHne. After having both seen and heard so much of steaio- 
engines as we have done of late jears, 1 am almost^hamed to con- 
fess how ignorant I am of the prmciples on which they act ; but the 
machinery is so complicated, there are so many pipes, and valves, 
and boilers, and coolers, and I know not what, that really one's 
head grows quite confused, and can understand nothing. 

Mrs. B. Here is a little apparatus of no very complicated con- 
struction, but simple as it is, I think it will assist me in explaining 
to you the principle on which the steam-engine acts. (Fig. 37*) 
It consists, you see, of a glass cylinder, and terminating in a bulb, 
or ball, and a piston, which is fitted to the cylinder, and can slide 
up and down within it. We shall pour a little water into the bulb^ 
push down the piston to the bottom of the cylinder, and make the 
water boil by placing it over this lam^: what will huppen jthen ? 
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Enuly, The steam rising from the water will force up the pis- 
ton by Its expansion— just so — as ihe steam is formed tba pktfon 
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Oarolme, Ok ! now I undeistaiui it : if this was a laisge mn eji • 
inder instead of a small glass one, and had a great beam attached to 
it to act as a lever, as I ha've .seen m real steam-engines, that the 
bulb was a spacious boiler, and the lamp a furnace, we should be 
enabled by it to raise a rreat weight. 

Mrs. B, The force of steam, when once obtained, may be appli- 
ed to an immense number of purposes \ it may be made to push, te 
pull, to lift, to strike ; in a word to put in motbn any of the me^ 
chanical powers. But as yet we have esly raised the piston, we 
must get it down again in cnrder to repeat the stroke and cootinue 
the action. As soon as I take this glass yessel from the lamp, liie 
steam returns to the state of water^ a yacuum is formed by its eon-« 
densation, and the piston falls by the weight of the atmosphere, 
which you may recollect presses with a weight of 15 lbs. on every 
equare inch ef the surface of the piston.* 

Caraline, This little cylinder is easily reiBOTed from the lamj^^ 
but we cannot take a boiler from the furnace and replace it again all 
every stroke of the piston. 

Mrs, B. We must, therefore, find seme other mcKie of condensing 
^e steam, without which, the weight of the atmosphere will not 
make the piston descend. This was at first accomplished by inject- 
-ipg cold water into the cylinder. 

Emily. The steam would naturally give out its latent heat to the 
eold water, and this powerful elastic fluid would be converted intoi 
an inert liquid. 

Mrs^ B. That is a conclusion, which, in the present state of 
•cienee, it is very easy to draw : but in the 17th century the prop- 
erties of heat and of steam were equally involved in obscurity.. 
When the Marquis of Worcester first attempted the construction 
of a steam-engine, it appears probable that he injected cold wator 
simply with a view of replenishing the boiler, and that he was not 
aware that i^ caused the condensation of the steam, or that this con* 
densation was necessary in order to make the piston descend. The 
Marquis is, however, generally considered as the original inventor 
of the steam-engine ; but it was Savary and Newcomens who im^ 
proved upon his ideas, and first produced this machine sufllciently^ 
well constructed to be brought into common use. Fig. 38, rep>re- 
sents an engme thus improved and applied to the purpose of raising^ 
water from a well. * 

The steam issuing firom the boiler B raises the piston P in the 
cylinder, and^ consequently, that end of the lever L to which it ia 
attached by the rod K. One end of the lever beam being thusele* 
vated, the other necessarily descends, and forces down the rod r 
and the piston p in the well W. 

Ckaroline. Now we have the great piston P at the top of the cylin^ * 
der, and the little piston p at. the bottom of the well, but in order to 
bring up the water we mast reverse the action of the lever : how ia 
that to be done i 

Mrs, B. As soon as the piston P reaches the upper part of the ' 
cylinder, the cock or valve V eloses, excluding the further en- 
trance of steam ; at the same time the valve Q opens, admitting a 
jpt of oold water from die reservoir R. This condenses the steam 

^'See Conversations on Natural Philosophy. 



mhkkk sffled t^ cjliDdeT, and ^nns a vacuum ; tlie piston ^ no Ion- 

^er sapported beneath, is forced doi^ by the pressare of the at- 
mosphere ; while the piston p risM, whig up the water wfaioh 
flows oat at m. 

OiroUne. The water is nased by the paston p^ on the principle 
<if .the lifting pamp^ which I recollect year explaining to as.* Then, 
when the piston r returns to the bottom <^ (he cylinder, the ralTO 
Q shuts to exclude the cold water, while the yalve V opens to ad* 
mit the steam ; there could not be a more clever oontriyance. 

BSmily, Yet, it seems to me to be a pity to destroy the steam at 
«Tery sti^ke of the piston : what an economy of fu^ would be ob- 
tained i,f it were possible to preserve the steam and make it act 
again! 

Mrs. B. Kor is this the onl^ objection to the introduction of 
cold water into tiie cylinder ; it is attended also with the inc<m^ 
▼enience of cooling the cylinder, so as to require a considerable 
additional quantity of steam to restore its temperature before the 
piston can be made to rise ; yet, even under these disadvantages, 
the steam-engine was found to be a powerful machine; in the 
course of years it underwent many alterations, but received no 
Tery material improvements till the celebrated Mr. Watt discover- 
ed the means of obviating the defects we have noticed. His first 
improvement was to condense the steam in a separate vessel, which 
ke called a condenser ; by which means he effectually prevented 
the refrigeration of the cylinder. 

He th^' introduced the steam from the boiler into the cylinder 
alternate^ above and below the piston, so as to make it both rise 
and fall: completely excludiner the external air, the pressure of 
which became unnecessary, and which had been another cause of 
cooling the cylinder. 

Emih/. He must then have established a communication between 
the condenser and both the upper and lower part of the cylinder, in 
order to carry off the steam, and form vacuums alternately above 
and below the piston. 

Mrs. B. This he did by means of pipes and valves, which could 
be opened or shut at pleasure. 

dtroUne. Then, when the steam below the piston is drawn into 
the condenser, the steam aj)ove it will force it down, and when the 
steam above the piston flows into the condenser, the steam beneath 
will make it rise^ It is, therefore, essential that the atmospheric 
air should have no access to the cylinder, otherwise the vacuum 
could not be formed, for the air would rush in to supply the place 
bf the steam as soon as this is condensed. But is it not difficult to 
exclude the air completely, and yet leave room for the piston-rod 
to move up and down freely ? 

Mrs. B. In order to reader the cylinder air-tight, the piston* 
lod slides up and down through a small box, so well stuffed with 
leather and hemp that no air can pnenetrate. 

These movements will be more intelligible if. you examine Tig. 
39, which represents a steam-engine such as la now used ; in whi3& 
all the essential improvements of Mr. Watt are retained; but 
aooQA simple and convenient arrangement of the mechanism haa 

* See conversations on Natural Philosophy. 
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been sabstituted in the place of his more elaborate and complicaled 
oontrivance. AA is the boiler, and the fire which heats it is con- 
tained in the fire-place. BB, wluch, with the fines XX, surround it. 
The water, when converted into steam, passes through the pipe CC, 
and thence into a sort of box DD ; but for the explanation of the 
construction of this box, I must refer tou to figure 40, where you 
will find it represented on a larger scale, as that plate contains only 
the cylinder ZZ, and the pipes which connect the box with it. 
From' this box the steam can pajss either through the pipe EE into 
the upper part of the cylinder above the ^ton YY in order to force 
it down ; or it can pass through the pipeTF and enter the cylinder 
below the piston in order to raise it. 

Caroline, But when the steam enters at one end of the cylinder, 
it must make its exit at the other, and take refuge in the conden- 
ser : how does it find its way there ? for these two pipes communi- 
eating at one end with the steam-box, and at the other with the 
cylinder, cannot either of them convey the steam into the conden- 
ser. 

Mrs. B. There is a separate pipe for that i>uipo8e, one end of 
which opens into the steam-box, and the other into the condenser. 
The oriace of this pipe alone is visible at G as it turns back befi^re 
it descends ; but in Fig. 39 that part G which communicates with 
the condenser HH is delineated. 

Brmly. And by what means is the steam prevented from entering 
the cyhnder through both passages at the same time ? 

Mrs. B. By a very simple and ingenious contrivance called a 
sliding valve II, which moves up and down, and alternately leaves 
the passage to the upper or lower pii>e open : in* its present situa- 
tion in Fiff. 40 it is raised as high as it wUl go, closing the passage 
between the steam-box and the openings to Uie pipes £2 and G, but 
leaving a communication between these two pipes. 

Caroline. The steam, then, enters at the bottom of the cylinder 
below the piston ; but how do you get rid of that which is above 
it ? — Oh, 1 see : it descends through the pipe E, and being ex- 
cluded by the valve I from entering the steam-box, it passes into 
the orifice of the pipe G, and is thence conveyed info tne conden- 
ser. 

Mrs. B. And when the valve is slided downwards so as to doee 
the communication between the pipe and the steam-box, it opens 
a passage between that pipe and G ; so that the steam below the 
piston is now drawn into the condenser, while that above it forces 
It down. 

Emily. But during the time that the valve is moving from the 
orifice of one pipe to that of the other, both must be left partly 
open at the same time, so that less steam can get admittance into 
one pipe or escape out of the other, than when one of the pipes 
is completelyopen, and the other entirely closed. 

Mrs. B. That is very true, and the stroke of the piston is less 
forcible during those intervals. There is also an instant during 
which the valve closes all the three passages ; it is when the pis- 
ton reaches the top of the cylinder, as represented in Fig. 39, 
Frontispiece. 

Caroline. The commonication between the steam-box and the 
oondensing pipe G is then always closed by the valve m whatever 
position it may be i 



Mrs. B, Cflrtainly ; It would be wasting the steam to allow it 
U> flow from the steam-box into the coadeasiDff pipe ; that pipe is 
osed merely to convev away the steam that has already perfonned 
Its office in the cylinder ; it thereifore communicates only with the 
pipes E and F. The valve II, yon will observe, is not flat, but 
capadoQS, in the form of a box without a lid ; for it is necessary 
that the communication between the pipes E aad G should be made 
^lithin the capacity of the yalve ; were it flat, it would close tho 
pipes £ and G, not only from the steam-box, but from each other, 
so tiiat the steam could not esc^ne into the condensing pipe. 

Thus by simply sUding ap aiM down this hollow valve, the mo- 
tion of the piston may be carried on indefinitely. 

JSmib/. And by what means is this valve moved, for I see no rod 
to connect it with the lever. 

Mrs, B, No^ it is worked by two cranks, V and W, situated at 
light angles to each other ; of which V is connected with the slide- 
vsuve, I, and W is connected to the eceentric X, which is worked 
by the fly-wheel shafl U. 

Emihf. But the steam is lost, Mrs. B.; I had flattered m3rself 
that some means had been devised of turning it to account. 

Mrs» B, Not lost, though it is no longer serviceable in the fonn 
of steam, for it gives oat its latent heat, to the water in the conden- 
ser, and this heated water is pumped up and conveyed into the 
boiler B, Fig. 39, where it is re-converted into steam at a much 
leae expense of fuel than if it were cold. The condenser H, you 
will observe, is situated in a cistern of cold water, LL, and f^ repre- 
sents the injection code, by means of which a stream of this water 
is constantly flowing into the ccmdenser, in order to re-convert the 
ateam into water. 

QtroHiw, And how is this water conveyed into the boiler, to be 
again transformed into steam f 

Mrs. B. The bottom of the oondenser communicates with an 
air-pump MM, which raises the heated water into a smaller cistern 
N, irom whence it is elevated by the forcing pnmp O, and convey- 
ed through a pipe which is not delineated in the Plate in a cistern 
P, situated immediately over the boiler, into which it descends 
through the pipe Q. — The small lever attached to this cistern, hav- 
ing a weight suspended at one end, and a float R which rests upon 
the surface of the water hanging from the other, is a contrivance 
to admit into the boiler exactly the quantity of water required* 
In the present oosition of the lever, that quantity is duly adjusted ; 
but should the boiler be further filled, the float, which alwa^rs re- 
mains on the surfiuse of the water, and the rod to which it is at- 
tached, must rise and elevate Uiat arm of the lever to which it is 
suspended ; the other arm will constantly descend, and a valve S, 
which is suspended to that arm, will close the pipe Q so as to 
impede the entrance of more water into the boiler. But as soon 
as the superabundance of water in the boiler is converted into 
steam, and has passed off into the cylinder, and the water resumes 
its former level, the float descending restores the lever to its hori- 
lontal position, raises the valve S, and re-opens a communication 
for the admission of water from the condenser. 

Dmib/. This is a most ingenious contrivance ; yet the invention 
c^ a separate vessel to con&nse the steam, was, I think, the most 
happy idea, and so simple that I wonder it did not occur soonei. 
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fiot sinoe it is essential to preserve the high tempeiatiire of the 
cylinder, I shoold think it might be nsefbl to cover it inith flannel, 
or some other bad conductor of heat, in order to prevent its radia- 
ting off coknic ; and I wonder that the cylinder shooM be made of 
metal, which is so good a oondactor of heat ? 

Mrs. B. Metal, though a good conductor, is, you know, a bad 
radiator ; besides, no other 8ut»tance woudd have sufficient strength 
and durability for the purpose. Then, instead of flannel, the cylin- 
der, in large engines, is frequently enclosed in a larger metallic 
case, called a jacket, and the intervening part is kept filled with 
steam, so that the cylinder itself is in a sort of steam bath, and 
snflfers no diminution of temperature. 

The lever TT of this steam-engine, you will observe, is of a 
very diflerent construction from that of Newcomens' ; instead of 
a cumbrous beam of wood, it consists of a plate of iron, strength- 
ened by three ribs or bars of iron, to the central one of whi^ is 
attached the several rods, 1, 3, 3, 4, which work the piston of the 
cylinder, and those of the pumps, and finally the rod 5, which is 
the operative power of the machine. This was another improve- 
ment of Mi. Watt ; he also added a fly-wheel, U, the effect of 
'which, you may recollect, is to equalise the motion of the machine, 
and render it uniform.* 

Caroline. This must be peculiarly applicable to a steam-engine, 
whose motion must necessarily be accelerated every time the fur- 
nace is replenished with fuel, and retarded when the fuel begins to 
be expended. 

Mrs. B. This irregularity is eqnaHs^ by another contrivance, 
which I shall presently explain to you. The chief purpose of^Uie 
fly-wheel is to carry on the action of the machine during an in- 
stant that occurs at every stroke of the piston, when the steam is 
excluded from the cylinder. We have observed that the power 
varies in intensity, bem^ strongest when the piston is in the posi- 
tion in which it is described in Fig. 40, which is called being at 
half stroke ; one of the passages for the steam is then entirely 
open and the other completely closed ; when the piston moves either 
above or below this point, the two passages are but partially open- 
ed or closed ; and when it reaches either the top or the bottom of 
the cylinder for an instant all the passages are closed, then it is 
that the operation of the fly-wheel is essential ; its inertia carries 
on the action of the lever during the instant that the action of the 
steam ceases ; this is called the dead-lift, and did not the fly-wheel 
overcome the difficulty, the engine might be stopped. 

The contrivance by means of which the quantity of steam that 
enters into the cylinder from the boiler is regulated, I shsdl now 
explain to you. 6 is s^ valve in the steam pipe c, called the throttle- 
valve : because it enlarges or diminishes the throat or passage in 
order to regulate the quantity of steam, so as to make the piston 
move with the degree of velocity required. 

Caroline. But one would suppose the valve must be endowed with 
intelligence to enable it to proportion its aperture to the quantity of 
steam required ? 
ft' Mr%. B, That intelligence alone belongs to man ; his skill traii»- 

* See Conversations on Natural Philosophy. 
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fti8 it mechanically to iaanimate matter, in a manner so \7onderfal, 
that, it is trae, it sometimes appears as if it inspired thfse materials 
with reason. 

JBmify. After having carried our ingenuity so &r as to make a 
few pieces of metal, cut out in different forms, and adjusted together, 
show us the hour of the day, and even call out and tell it to us, we 
can he surprised at no mechanical invention ; and it appeared to me 
quite natural that the Chinese, in Captain Hall*s Voyage to Loo 
Choo, should have supposed a watch to have heen alive. 

A&5. B. But to return to the regulator of the steam-engine,— « 
It was Mr. Watt who first contrived to make this thjrottle-iralve 
self-acting ; by adjusting it so, that when the piston was moving 
with too great velocity it would contract and admit less steam into 
the cylinder, and thus diminish the speed of the machine. And 
when, on the contrary, it was moving too slowly, it would enlarge 
and admit a greater quantity of steam, and thus accelerate its ve- 
locity. 

The two balls a a. Fig. 39, are so adjusted that the motion of 
the piston makes them revohre round the spindle b. When the 
piston moves with proper celerity, these balls, during ^eir revolu- 
tions, will remain at the distance from each other described in the 
plate; but what will occur if the velocity of the piston be in- 
creased' 

Bmibf, If you increase tne cause, the efiect will be increased in 
proportion; the velocity of the balls will be accelerated, and their 
oentrifii^ force consequently augmented, so that they will recede 
further from each other. 

Mrs, B, Very well; now these balls are connected vtdth the 
throttling-valve 6 by means of the rods c d, in such a manner that 
when the balls recede from each other, the rods c and d are a little 
elevated, and the valve, which is a thin vane moving upon a pivot, 
presents its face to the stream of steam issuing from the boiler, ana 
m a great measure opposes its passage by almost closing the pipe. 
When, on the contrary, the piston moves too slowly, the motion of 
the balls being retarded, and their centrifugal force diminished, they 
approach each other, the rods c and d are depressed, and the valve 
moving on its pivot is turned edgeways towards the steam, and thus 
leaves it a &ee passage. This apparatus, which regulates the throt- 
tle-valve, is called the governor. 

JEmHy. It is a very ingenious contrivance ; but Mrs. B., there Is 
sometMnff which still perplexes me. The motion of the ends of 
the lever-oeam is in a curve Une, yet the piston must move up aod 
down in a straight line ; now, how can a power moving in a eoive 
line produce motion in a straight line in another body ? ' 

Av's. B. This vras attended with some difficulty, but the inde- 
fiitigable ingenuity of Mr. Watt discovered a means of overoominff 
it, called the panulel motion. He adjusted a system of levers, e, £ 
ff , h, in such a manner, that though tne lever-beam in its rising ana 
fidling described the arc of a cirde, that of the piston was rectili- 
near : but this piece of mechanism it would take us much time to 
•z^ain. 

^mhf. Pray how are the hiffh-pressiue engines eonstraeted, 
which have been described as so aangeroutf ? 

Mn* B. ThBf act on the same principle ss that we ha^re jusl 
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emiiid; bat, kiBtoadof beiagfan»aliediniha.o»iid^^ 
pump, the ateam is allowed to escape firom the cylinder into the 
open air; this oommonication with the atmo^here lendeis it neoea- 
aarj that the ateaan diould have a much greater fozoe than the prea- 
aoie of the atmosphere^ as it must coonterbalanoe that pressure- 
bafere it caa aet apon tfa^ piston. We know from ea^eiiment that 
Btaam rising from wator^ heated to the boiling point or the temper- 
alnxe of 9l§° of Fahrenheit, wfll balance the {ttessure of the atmoa* 
phere ; or, whieh is the same th^, press against the piston with a 
naee fM^Bal to neaily 1$ Ibs^ on every aqaareiAch : 3 lbs. above tiiis, 
17 lbs. m ikf9i foiee emj^oyed ia tho condensing or low-pressme en- 
gines : baft in tiboee which have no condenser me water in the boikr 
ishttUed considerably beyond the boiling point, acquires a very 
great expansive feiee, and exerts a proportional pressnre on the 
piston ; it is sometimes oaizied so far as to work the piston with a 
piesswfe of 60 or 80 lbs. on every square inch. This nighlv elastic 
steam entering alternately at each end of the cylinder, wQl (uive tha 
pktOB baefcwatds and forwards notwithstanding the pressure of the 
alooaphere ; and no condenser being used, ^e steam escapes through 
a-tabe called a waste pipe. It is easy to conceive that the greater 
the elast&eity of the steam, the ffreater is the chance of the boil» 
bmstiBg : but the cheapness oi these engines, owing to the rnxor 
plidty of their construction, and the convenience of occupying a 
eampamif^f saaHspafle, makea tibMun atill oocasJDnally adoptctL 



A VOCABULARY 

or 

CHEMICAL TERMS. 



A. 

SuMbu. Componndi formed by the combination of a baM with acetic acid. 

.ftodf. Compounds formed by the combination of oxygen with certain elementary 
bodies, forming in general, a class of substances wbich are sour to the taste, 
and which unite with allEalies and metallic oxyds to form salts. 

MMUa, Substances formed by the natural combination of some acids with a 
quantity of potash. Tiie oxoBc and tartaric acids are examples. 

Jturtform ftmds. Elastic fluids. Atmospheric air and the gases are of this kind. 
Their aeriform state is owing to the calorie with which their bases are com- 
bined. 

40iiNCy, ehemieaL A term used to express that peculiar propensity which substan- 
ces of different kinds have to unite with each other, as acids and alkalies, itt. 
ration. That force is so called by which substances of the same kind 



tend to unite, without changing their qualities. 

qfeompoaition. That force by wbich substances of diflbrent kinds combine. 



and form a third, which differs from either of the two first, before the combi- 
nation. Thus muriatic acid and soda form common salt. 

JtibumM. Coagulable lymph. It is contained iq animal substances, as the seram 
of the blood. The white of eggs is albumen. 

Akohol, Rectified spirit of Wine. It is always the same, from whatever kind of 
spirit it is distilled. 

Mkahea, Peculiar substances which have a caustic burning taste, and a strong 
tendency to combination, particularly with acids, and with water. 

JBOo^B, A combination of any two metals, except mercury. Brass is an alloy of, 
copper and 2ine. 

JkmalgoM, A mixture of mercury with any other metal. 

Amaiifma, Separation of the constituent parts of compounds, for the purpose of de- 
tecting their composition. This is done by rt^tgviAs, 

Mnuajjng, Rendering substances tough, which before were brittle. The metals 
are annealed by heating them red hot, and then cooling them gradually. 

4fWfluate«. Salts formed by the combination of a base with the arsenic acid. 

SuU* This name is given by the French chemists to wta-ogn^ which see. 

B. 

Balmm$. Sesinons, seml-Anid substances, which are obtidned from certain treee 

by making incisions. 
BanmeUr. An instrument which indicates the variations of the pressure of the 

atmosphere, as thermometers do of heat and cold. 
Ba»». A term used bv chemists to denote the substance to which an acid is united 

to form a salt. Thus soda is the hose of common salt. 
SmxMtCf. Salts formed by the union of the bauoie acid with a base. 
'Blo»fipe» An instrument to increase and direct the flame of a lamp, for the aaalyu 

su of minerals, and for other chemical purposes. 
S9raU$, Salts formed by the combination of any base with the add of boraic 

c. 

OslMnsM. A chemical term fomeriy applied to describe chalk, maible, and all 

olbar eoBMnations of lUna with carbonle acid. 
O t t p inatit m, The application of heat to saline, metallic, or other •nbstancaf] to 

regulated asto deprive them of moistore, &e. and'yet preserve them in a pal* 1( ' 

vmilent flmn* 
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Calorie, The chemieal tenn for the matter of heat. 

Jree. li caloric in a separate state, or, if attached to other rabetaiicet, not 

ehemieaUy united with them. 

latent. Is the term made use of to express that portion of caloric which ia 



] 



chemically united to any substance, so as to become a part of the said snbstaace. 
Ctdorimeter, An instrument fbr ascertaining the quantity of caloric disengaged 

from any substance thai may be the object of eiperiment. 
Calx, An old term made use of to describe a metallic oxide. 
Camphoratee, Salts formed by the combination of any base with the eamphorie 

acid. 
Ospti^ry. A term usually applied to the rise of sap in vegeUbles, or the rise ot 

any fluid in very small tui>es ; owing to a peculiar kind of hctraction, called 

capillary attraction. 
GsrfroK. The basis of charcoal. 

Carbonatee, Salts formed by the oombtnation <rf'any base with carbonic acid. 
Cm^urets, Compound substances, of which carbon forms one of the constituent 

parts. Thus plumbago, which is composed of carbon and iron, is called car- 

iNiret of iron. 
Cauetieity. The quality, in certain substancen, by which they bum or corrode an- 
imal bodies to which they are applied. It is best explained by the^dectrine of 
' chemical affinity. 
Okalffbeate, A term descriptive of those mineral waters which are impregnated 

with ircn. 
ChercoiU, Wood burnt in close vessels; it is an oxide of carbon, and generally 

contains a small portion of salts and earth. Its carbonaceous matter may be 

converted by combustion into carbonic acid gas. 
Gderine, A name lately given to the substance usaally called oxy-muriatic acid. 

Its compounds are called by the name of their bases, with the ending of aii«. 

As phosphorane, sulphurane, &.e. 
CkronutUs. Salts formed by thto combination of any base with the chromic aeid. 
CUratee. Salts formed by the combination of any base with citric acid. 
Coal. A term applied to the residuum of any dry distillation of animal or vegetable 

matters. 
C9hesi4tn, A force inhmwnt in the particles of aU substances, excepting li^t and 

caloric, which prevents bodies from falling in pieces. 
Otktmbates. Salts formed by the combination of any base with the columbic aeid. 
Cembmatien. A term expressive of a true chemical union Of two or more substan- 
ces I in q^Knition to mere mechanical mixture. 
Ctmbuetibles, Certain substances which are capable of combining more or leas 

rapidly with oxygen. They are divided by chemists into simple and compound 

combustibles. 
Ctmbustion, ^The act of absorption of oxygen by combustible bodies fVom atmoa- 

pberic or vital air. The word decoTubustion is sometimes used by the Freneb 

writers to signify the opposite operation. ' 

Onuibles, Vessels of indispensable use in chemistry, in the various operations of 

fbsion by heat. They are made of baked earth, or metal, in the form of an in- 

varted cone. 
OrfatalUiation. An operation of nature, in which various earths, salts, and met- 
allic substances, pass from a fluid to a solid state, assuming certain determinate 

geometrical figures. 
OryetalUtmtUmy water ^, That portion which is combined with salts in the act of 

crystalliskig, and becomes a component part of the said saline substances. 
CmpA, A vessel made of calcined bones, mixed with a small proportion of clay 

and water. It is used whenever gold and silver are refined, by melting them 

with lead. The process is called cupellation. 

D. 

DfcraqNineum. The separation of the constituent principles of compound bodiM by 
chemical means. 

X^bfTotMrn. The vivid combustion that is produced whenever nitre, mixed with 
an inflammable substance, is exposed to a red heat. It may be attributed to 
the extrication of oxygen from the nitre, and its being transferred to the inflam- 
mable body } as any of the nitrates or oxygenized muriates will produce the 
same effect. 

lMi9«e»csiiee efetXA eedme tedtes, signifles their becoming moist, or lk|aid, by meane 
of water which they absorb from the attmosphere in consequence of their great 
attractions for that fluid. 

Diexidite ; (fbrmerly deoxidate.) To deprive ft body of dxvgeri. 

J}99X»dizeme$U. A term made use of to ekpkvss that operation by '\iriltiili IMe* «nb- 
stance deprives anothertotiMftBee Of its oxygen. It Is caiied (MWiimlllif t^MlT 
by the French chetklsts. 
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JMnMHov An eiploiioii with nolle, ft in vatrnt commonly applied to tho explo- 
sion of nitre, wiien thrown upon heated charcoal. 

D^ettion. The effect produced by the continued soaking of a solid substance in a 
liquid, with the application of beat. 

Digester^ Papin's. An apparatus for reducing animal or vegeta^ substances to a 
pulp or J«lly expeditiously. 

BitUUation. A process for separating the volatile parts of a substance from the 
more fixed, and preserving them both in a state of sepaiatioa. 

Duetiiity. A quality of certain bodies, in consequence of which they may be drawn 
. out to a certain length, without fracture. 

Duleifieation, The combination of mineral acids with alcohol. Thus we have dul- 
cified spirit of nitre, dulcified spirit ci vitrol, See, 

E. 

Edtdeeration. Expressive of the purification of a substance by washing with water. 

JSffflarvesceuce, Ah intestine motion which talces place in certain bodies, occasioned 
by the sudden escape of a gaseous substance. 

B^gUtreseence. A term commonly applied to those saline crystals which become 
pulverulent on exposure to the air, in consequence of the loss of a part of the 
water 'of crystallisation. 

Ekittuity. A force In bodies, by which they endeavor to restore themselves to the 
imsture from whence they were displaced by an external force. 

EUude fiuid*. A name sometimes given to vapors and gases. Vapor is called an 
elastic fluid ; gas, a permanently elastic fluid. 

EUeUve tUtraetioru, A term used by Bergniann and others ^o designate what we 
now express by t|ie words chemical affinity. When chemists first observed 
the power which one compound substance has to decompose auoiher, it waa 
Imagined that the minute particles of some bodies had a preference for some 
oliier particular bodies ; hence this property of matter acquired tbe term olea- 
tive ^traction. 

EUmmtu. The simple, constituent parts of bodies which are incapable of decom- 
position i they are frequently called principles. 

Empjfreuma. A peculiar, and indescribably disagreeable smell, arising from the 
buniing of animal and vegetable matter in close vessels. 

Etherg. Volatile liquids fi»med by the distillation of some of tbe acids with. aK 
cohol. 

XMtporatUn. The conversion of fluids into vapor by heat. This appears to be 
nothing more than a gradual solution of the aqueous particles in atmoepberie 
air, owing to the chemical attraction of the latter for water. 

Eudiometer. An instrument invented by Dr. Priestley for determining the poritv 
of any given portion of atmospheric air. The science of investigating the Alt- 
fer6nt kinds of gases is called eudiometry. 

F. 

F$rmentatUni. A peculiar spontaneous motion which takes place in all vegetable 
matter, when exposed tor a certain time to a proper deeree of temperature. 

Fibrine. That white, fibrous substance wliich is left after freely wjishing the 
coagulum of the blood, and which chiefly composes the muscular fibre. 

Vtowers. In chemical language, are solid, dry substances, reduced to a powder 
by sublimation. Thus we have flowers of arsenic, sal. ammoniac, of sulphur, 
&c. which are arsenic, sal. ammoniac, and sulphur, unaltered, except in ap- 
pearance. 

FhuUes. Salts formed by the combination of any base with fluoric acid. 

FhAdity, A term applied to aN liquid substances. SoUds are converted to fluid* 
by combining with a certain i^ortlon of calorie. 

Jfitx. A substance which is mixed with metallic ore, of ottier bodies, to promote 
their fusion ; as an alkali Is mixed with siiex In order to form glass. 

M^nUnation. Thundering, or explosion with noise. We have fulminating silveii 
fulminating gold, and other fulminating powders, which explode with a load 
report by friction, or when slightly heated. 

Aifion. The state of a body which was solid in tbe temperature of the atmoepbere, 
and is now rendered fluid by the artificial application of heat. 

G. 

O e W a tfs . Saita fomed by the eomhinatkm of any faaae with gallic add. 

^-'-' A new science which oflbrs a variety of plMDora^na, resulting from 
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diAimt eondoeton of deetrieity placed in 

particularly tbe neryea of the animal body. 
Qm». All aolid aolMtaBcea wlien coBTCited into permanently elaatic inida liy cai> 

oric, are called gaaea. 
tfweeiw. Haring the natue and properties of pm. 
OuBowuUr. A name given to a varied of nteneiU and apparatna contrived to mean 

nie, ccrilcct, preserre, or mix the dilferent gaaea. An apparatus of tliia kind in 

also osed for tbe purpose of administering pneumatic medicines. 
Odathu, A cliemieal term for animal jelly. IC exists paiticnlarly in the lendoB« 

and the skin (rf* animals. 
Okitsm, A Tegstable substance somewhat similar to animal gdatine. It Is the 

gluten of wheat floor which gives It the propei^ ot making good hiead, and 

adhesive paste. Other grain contains a much less quantity m this nutritions 

substance. 
Orsss. Tbe smallest wei^t made use of by cheibiical writen. Twenty gminn 

make a scruple ; 3 scruples a drachm; 8 drachms, OT4B0 pains, make an ounce ; 

13 ounces, or 5700 grains, a pound troy. The er stidnp o u pound contains 7000 

grains. 
OrtnuUatiam. Tbe operation of pouring a melted metaf into water, in order to di- 
vide it into small particles for chemical porpoaes. Tin is thna granulated by 

tbe dyers before it is dissolved in the proper acid. 
Orsvity, speei/le. This differi from absolate gravity inasmuch as it is the wei|^ 

of a given meagmre of any solid or fluid body, compared with the mms siss<ai'S 

of distilled water. It is tenerally expressed by decimals. 
Gfnais. Mucilaginous exodanons from certain trees. Gum c<m8ists rflime, carlwn, 

oxygen, hydrogen, and nitrogen, with a little phosphoric acid. 

H. 

ITssC, wuittr ^, See Cslmc 

/f«nB«ttca%. A term applied to the closing of the orifice of a f^aas tube, so as to 
render it air-tight. Hermes, or Mercury, wss formerly supposed to have been 
tbe inventor of Chemistry ; hence a tube which was closed for chemical par-> 
poses, was said to be Hermetically or chemically sealed. It is usually d<ae by 
melting the end of the tube by means of a blowpipe. 

Bgir»g0ii. A simple sobstaoce ; one of the constituent parts of water. 

fas. Solid hydrogen united with a large portion of caloric. It Is the lief- 
est of all the known gisss. Hence it is uMd to inflate balloons. It was for> 
merly called inflammable air. 

Hydnf-Carbimates. Combinations of carbon with hydrogen are described b^ this 
term. Hydro-carbonate gas is procured from moistened charcoal by distlUn- 
tion. 

Hjfirogeniei mbforeto . Certain bases combined with sulphuretted hydrogen. 

SMr0-(Xcfde$. Metallic oxides combined with water. 

SydromeUtM. Instruments for ascertaining the specific gravity of spirituous Uqoois 
or other fluids. 

Hygrowuten. Instruments for ascertaining the degree of moisture in atmospherio 
air. 

Byperoxygeniied. A term applied to substances which are combined with the 
largest possible quantity of oxygen. We have muriatic acid, oxygenixed mi»- 

riatie acid, and hyperoxygenized muriatic acid. Tha latter can be exhibited only 
in combination. 

I. 

J^/lasisMluni. A phenomenon which takes place on mixing certain substaiiesa. 

The mixture of oil of turpentine with strong nitrous acid is an instance of this 

peculiar chemical eflTect. 
Ji0wMm. A simple operation to procure the salts. Juices, and other virtues of veg* 

etables by means of water, 
/atsrawdtotef . A term made use of when speaking of chemical aiBnily. Oil, for 

example, has no affinity for water, unless it be previously combined with aa 

alkali, it then becomes soap, and tiie alkali is said to be tbe ntsnasdhnn which 

occasions the union. 

K. 

KalL A genus of marine plania which is bnnit to pneom mlnenl alkali, by lilap- 
wardflludyiatingtbaashea 
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. Laborutory, A nxmi fitted op with apparatus for the performance of chemical o^ 

erationB. 
Lactates. Salts formed by the combination of any base with lactic acid. 
Ldtes, Certain colors made by combining the coloring matter of cochineal or fii 

certain vegetables, with pure alumine, or with oxide of tin, zinc, &c. 
Lamp, Argand's. A Iclnd of lamp much nsed for chemical experiments. It is made 

on the principle of a wind Airnaoe, and thus produces a ^at degree of light 

and heat without -smoke. 
juens. A glass, convex on both sides, for concentrating the rays of the soir. It is 

employed by chemists in fusing refractory substances, which cannot be opersr 

ted on by ai^ ordinary degree of beat. 
titvigaUon. The grinding down of hard substances to an impalpable powde * on a 

stone with a muller, or in a mill adapted to the purpose. 
lAtkarge. An oxide of lead, which appears in a state (^vitrification. It is ft rmod 

. in the process of separating ^Iver from lead. 
lAxiviation, A fluid impregnated with an allcali or with a salt. 
iMte. A composition for closing the junctures of chemical vessels to iwevent the 

escape of gas or vapor in distillation. . 

Maetrati&m. The steeping of a sdid body in a fluid, in order to soften it, without 
Impregnating the fluid. 

Malates. Salts formed by the combination of any base with malic acid. 

JUalUabUity. That property of metals which gives them the capacity of being ej^ 
tended and flattened by liammering. ft is pr^biAly occasioned by latent 
caloric. 

JVoMtcot. A name given to the yd/010 oxide «f lead, as mininm is applied to tha 
red oxide. 

Matraae. Another name for a bolt-head. 

Meastimtm. The fluid in which a solid body is dissolved. Thus water is a men- 
struum for salts, gums, ice. and spirit of wine for resins. ' 

MetaUie Oxides. Metals combined with oxygen. By this process they are gener- 
ally reduced to a {^ulverulent form ; are (Ranged from combusttWe to incom- 
bnstible substances ; and receive the property of being soluble in acids. 

Muteral. Any natural substance of a metallic, earthy, or saline nature, whether 
simple or compound, is deemed a mineral. 

JUSHeraliiers. Those substances which are combined with metais in their ores; 
such as sulphur, arsenic, oxygen, carbonic acid, &c. 

Mineralogy. The science or fossils and minerals. 

JUmerai Waters. Waters which hold some metal« earth or salt, in solution. Thej 
are frequently termed Medicinal Waters. 

Molybdiates. Salts formed by the combination of any base with molybdic acid. 

Mordants. Sabstances which have a chemical affinity for particular colore: thej 
are employed by dyera as a bond to unite the color with the cloth intended to 
be dyed. Alum is of this class. 

Mucilage. . A glutinous matter obtained from vegetables, tatinspatent and tasteless, 
soluble in water, but not in spirit of wine. It chiefly consists of carbon and 
hydrogen, with a little oxygen. 

Mnmtes. Salts formed by the combination of any Ibase with the mucous acid. 

Muffie. A Semi-cylindrical utensil, resembling the tilt of a boat, made of baked 
clay ; its use Is that of a cover to cupels in the assay furnace, to prevent th^ 
charcoal from fhlling upon the metal ^ or whatever is the subject of experiment. 

JMisnates. Sidts formed by the combination of any tase with muriatic acid. 

N. 

JVofrsn. One of the names for mineral alkali, or soda. 

JVsntraliss. When two or more substances. mutually disguise each other's proper- 
ties, Uiey are said to neutralize one another. 

JfenUral Salt. A substance formed by the union of an qcid with an alkali, an earth, 
or a metallic oxide, in such proportions as to saturate both the base and the 
add. 

Jfitrates. Salts formed by the combination <tf any base with nitric acid. 

MUrogen, A simple subciance, by the French chemists called azote. It enten 
Into a variety of compoands, and forma more than three parts in fonr of atmo»> 
shevic air. 
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O. 

OkeftrM. Vaiiotii eooiUiiatioiisirf'tlMeaitliawitb oxide, or eubooateirf'iriHi. 
Oru. If eUllie^BaitiM, wtakh fieqnent^ contain aoTerml eztraaroiu matten -, tn€k. 

as suliriiiir, aneaic, Ibc 
Or<i/gfft Salts formed by the eombinatHNi of any base with ozaJbc acid. 
Oxide, Any nibatanee ccnnbined with oxygen, in a propoitioD not BoAcler t to 

produce acidity. 
Qndixs. To comlrine ox^fen with a body withont prodociag acidity. 
Oxidiumemt. The operation by which any rabotance is combined with oxyfan in 

a degree not anfficient to produce aciaity. 
QcKfea. A simple anbatance composing the grMtu/t pait of water, and part of m- 

mos|riierie air. 

gas. Oxygen converted to a gaseous stale bjr caloric it u also called 

▼ital air. It forms nearly one foorth of atmospheric air. 
Qqr^vmze. To acidify a substance by oxygen. Synonymous with oxygenate ; but 

the former is the better term. 
Otgywrfgn s mii. The prodactipn pf acidity by oxygen. 

P. 

PdUde. A thhi skin which forms on the surface of saline solotions and odier 
liquors, when boiled down lo a certain strength. 

magUum, An old cliemital name for an imaginary substance, snppoeed to he a 
combination of fire with some other matter, and a constituent part of all in- 
flammable bodies, and of many other substances. 

PkuphaUa, Salts formed by the combination of any base with phosphoric acid. 

Pkoapkius. Salts formed by the combination of any t>ase with phosphorus add. 

Fkoapkurets, Substances formed by an union with phosphorus. Thus we have 
phosphuret of lime, phosphnretted hydrogen, &c 

Flumhigo, Carburet of iron, or the black lead of commerce. 

PneumuUie, Any thing relating to the airs and gasea. 

— — — ->— trough. A vessel filled in part with water or mercury, finr the purpoM 
of collecting gases, so that th«y may be readily removed from one vessel to 
another. 

'Free^Uate. Any matter which, having been dissolved in a 0uid, fklls to the bot- 
tom of the vessel, on the addition of some other substance capable of producing 
ft decomposition of the compound, in consequence of its attraction either for 
the menstruum or for the matter which was before held in solution. 

JPr^e ip itatUm. That chemical process by which bodies dissolved, mixed, or sus- 
pended In a fluid, are separated from that fluid, and made to gravitate to the 
bottom of the vessel. 

Pnuriatea. Salts formed by the combination of any base with prussic acid. 

Putrtfaetion, The last fermentative process of nature, by which organized bodies 

S decomposed so as to separate their principles, for the purpose of reuniting 
m by Aiture attractions, in the production of new compositions. 

PyrUee. An abundant mineral found on the English coasts, and elsewhere. Some 
are sulphurets of iron, and others sulpbnrets of copper, with A portion of alo- 
mine and silex. The former are worked for the sake of the sulpbur. and the 
latter for sulphur and copper. They are also called Marcasites and Fire-stcme. 

■ martiaL That species of pyrites which contains iron for its basis. See a 

ftill account of these minerals in Henckel's Pvritolocia. 

Pj/remeter, An Instrument invented by Mr. Wedgwood for ascertaining the de- 
grees of heat in flirnaces and intense fires. See Philosophical Transactions, 
vol. Ixii. and Ixiv. and Chemical Catech. 

FyropAori. Compound substances which heat of themselves, and take fire on the 
admission of atmoapheric air. See an acco|int of a variety of experiments with 
these compoaittons in Wiei^'s ^enUstry, 4to. p. 6S8, »c. 

Q. 

t^nrniu A name given to a variety of siliceous earths, mixed with a small portioD 
of lime or alumlne. Mr. Kirwan confines the term to the purer kind of silex 
Bock crystal and the amethyst aie species of quarts. 

B. 

tUiUA, A ehemieal term tbr XUmmUe of bodiea ; which see. 

When the base of an add if c«Mdpoadd of tW9 ornon 



r 



"«»V 



or CHuacAL tibms. 839 

CM. H !■ nid that the add te foniMd of a emiq^nmd imdleal. The aidphiirie 

aeld is fonned with a rimpU radical : but the Teffetabie aeidi, which have rad« 

icala Gompoied of hydrogen and caroon, are >aid to be acida with oompoond 

radicals. « 

Aaaf Mtf. Subatanoes which are added to mineral waters or liqpids as tests to dia- 

cover their nature and composition. 
Jt«eeie«r«. Globular dass vessels adapted to retorts for tlie purpose of preserving 

and condensing the volatile matter raised in distillation. 
f9e€ti^ka ti e»f is nothing more than the re-distilling a liquid to render it more pure, 

or more concentrated, by abstracting a part of it only. 
JMhcImw. The restoration of meullic oxides to their original state of metals } 

which is usually effected by means of charcoal and fluxes. 
U^fMmg, Tlie process of separating the perfect metals from other metallic sabstaa- 

ces, by what is called cnpellation. 
Rtfirigtatory. A contrivance of any kind, which, by containing cold water, aa»* 

wentthe purpose of condensing the vapor or gas that arises in distillation. A 

worm-tub Is a refrigeratory. 
RegmbiM. In the chemical acceptation, signifies a imre metallic substance, freed 

firom All extraneous matters. 
Rtptdsion. A principle whereby the particles of bodies are prevented from cdminf 

in actual contact. It is thought to be owing to calorie, which has been called 

the repulsive power. 
JUrm. Vegetable Juices concreted by evaporation either spontaneously or by fire. 

Their character is solubility in alcohol, and not in water. It seems that tbM^ 

owe their solidity chiefly to thetr union with oxygen. 
Rttart, A vessel in the shape of a pear, with its neck bent downwards, used in 

distillation } the extremity of which neck fits into that of another bottle, called 

a receiver. 
RodsrcrtBtaL Crystallized silex, 

S. 

AMdblsles. Salts formed by the combination of any base with saccholaetic add. 
Sai^fitMt bate*. All the metals, alkalies and earths, which are capable of combUi 

ing with acids, and forming salts, are called salifiable bases. 
AsKfis. Partaking of the properties of salt, 
dtofts, neutroL A class of snbstances formed by the combination to saturation of an 

acid with an alkali, an earth, or other salifiable base. 
triple. Salts formed by the combination of an acid with two bases or radicals. 

The tartrate of soda and potass (Rochelle salt) is an instance of thia kind of 

combination. 
SMponiueout, A term affiled to any substance which is of the nature or appear- 
ance of soap. 
Sattaration. The act of impregnating a fluid with another substance, till no more 

can be received or imbibed. A fluid which holds as much of any substance aa 

it can dissolve, is said to be saturated with that sutistance* A solid may in the 

same way be saturated with a fluid. 
Atateff. Salts formed by the combination of any base with sebacic acid, 
gssii mtital. A name fwmerlyfiven to those metals, which, if exposed to the fire, 

are neither malleable, ductile, nor fixed. It is. a term not used by modera 

chemists. 
BBieenu urtht, A term used to describe a variety of natural substances, which 

are composed chiefly of silex ; as quartz, flint, sand, &c. 
SuKfU mbsttMUg. Synonymous with EUmenla ; which see. 
Smeltiiig. The operation of (Using ores for the purpose of separating the metals 

thev contain, from the sulphur and arsenic with which they are mineralixed, 

and also (hHU other hetermnneous matter. 
Sslatieii. The perfect union of a solid substance with a fluid. Baits dissolved In 

water are proper exam^es of solution. 
B fmtB . A name formerly given to Tarioas crystallized stones ; such as the floor 

spar, the adamantine spar, Ac. These natural su bstances are now distingoiali- 

ed by names which denote the Bature of each. 
5ts/artife>. Certain concretions of calcareous earth, found suspended like icicles 

in caverns. They are formed by the ooeing of water through the crevices, 

charged with this kind of earth. 
Sfssfifw. A kind of stime composed of sIlex, iron, and magnesia. Also callad 

French chalk, Spanish chalk, and soap-rock. 
Ai^issfts. Saitt with less add than is sufficient to nentnlise fheir mdicals. 
AiAtrates. Salta formed bv the combination of any base with the suberic add. 
fc l Hsistf sw. A process whereby certain volatile subetaneea are raised by heat, 

and again condensed by edd into a solid form. Flowers tX sulphur are made 

tetkitwaj* ThanotoCoutcoffliBODflnsisalhailUar ioataoM of this piD- 
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Sciti Ibnned by the combination of any baie with Mcdnle neid. 

fUbhatB»» Balta forniod by the combination of any baae with the sulpburie odd. 

Bm^fkU«$, Salts formed by tiio combination of any baae witlr ibe eulpburoae ncid. 

Sulphurss and- Sulpkurets. Combination of allcalieB or metali with sulphur. 

Ai4>*»t«ttMf« A BHbstanee is said to foe sulpbiiretted, when it is combined with 
sulphur. Thus we say sulphuretted hydrogen, Ax. 

Bnper-^aUa. Salts with an excess of acid, as the supertartrate of potass. 

SyUkeaiB. When a body is examined by tUtridiMgr it into its component parts, it ia 
called mmalfti* ; but when we attempt to prove the nature of a suhstancw bf 
the wdon of its principles, the operation is called qrntiiesla. 

T. 

TartraUB. Salts fonned by the combination of any base witb the acid of tartar. 
Temperature. The absolute quantity of free caloric which is attached to any bodj, 

occasions the degree of temperature of that body. , , 

TVff. That part of a copel which is impregnated with litharge in the operation of 

refining lead. It is also the name of whatever is employed in.chemical ezpero 

Iments to detect the ingredients of any composition. 
Tui^papere. Papers impregnated with certain chemical re-agents: such as litmus, 

turmeric, radish, &c. They are used to dip into fluids, to ascertalti, by a changa 

of colors, the presence of acids and alkalies. 
Tkemumeter. An instrument to show the relative heat of bodies. Fahrenheit's 

thermometer is that chiefly used in England. Other thermometers are used ia 

different parts of Europe. 
TiMture*. Solutions of substances in spirituous menstrua. 
TritMraiion, A chemical operation, whereby substances are united by filctioa 

Amalgams are made by this method. 
TvindaUd. Retorts which have a hole at the top for inserting the materials to be 

operated upon without taking them out oS the sand heat, are called tnkut^ t i 

retorts. 
TwagtiaUa, Salts formed by the combination of any base with tongrtic acid, 

ITkiMi, ehemical. When a mere mixture of two or more substances is made, fhey 
are said to be mechanically united ; but when each or either substance forms 
a component part of the product, the substances have formed a dumical union. 

' V. 

Foemtsi. A space unoccupied b^ matter. The term is senenlly api^ied to the 

exhaustion of atmospheric air b^ chemical or philosophical means. 
. Vapor. This term is used by chemists to denote such exhalations only as can be 

condensed and rendered liquid again at the ordinary atmospheric temperature, 

in opposition to those which are permanently elastic. 
Vital air. Oxygen oas. The empyrial or fird-air of Scheele, and the dephlogisticap 

ted air of Priestly. 
FUrificaiion. When certain mixtures of solid substances, such as silex and alkali, 

are exposed to an intense heat, so as to be fused, and become ^ass, they ars 

then said to be vitrified, or to have undergone vitrification, 
^ttrtsb. A class of substances, either earthy or metallic, which are combined with 

the vitriolic acid. Thus there is vitriol of lime, vitriol of iron, vitriol of copper, 

&c. These salts are now called sulphates, because tlie acid which fonna them 

is called sulphuric acid, 
FUriolated Tartar. The old name for 8ul|riiate of potass. 
FalatUe MkaU, Another name for ammonia. 
Vi^atUe Salts, The commercial name for carbonate of ammonia. 
VelatUity. A property of some bodies which disposes them to aaume the gaaeooi 

state. This property seems to be owing to their affinity for caloric. 
Fokme. A term made use of by modem chemists to express the space oecapied by 

gaseous or ether bodies. 

w. 

Wla$tr. The most common of all fluids, composed of 85 parts ozyfea, ud U 9t 
hydrogen. 

siMaral. Waleit which an impregiMted with miMnlMdotberMbaCMcei 
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are known by thte appellation. These minerals are generally beld in solation 
by carbonic, sulpharic, or muriatic acid. 

Waigf Ay. A term used by chemical writers when treating of analysis or decom- 
position. By decomposing in tbe dry way, is meant, by the agency of fire. 

Wag, humid, A term used in the same manner as the foregoing, but expressive of 
decomposition in a fluid state, or by means of wat«, and chemical re-«gentB, 
. or tests. 

waiting Heat. That degree of beat in which two pieces of iron or of platina may 
be united by hammering. 

We^ram. An ore' of tungsten, containing also manganese and iron. 

Worm-ua. A chemical vessel with a pewter worm fixed in the inside, and in the 
intermediate space filled with water. Its use is to cool liquors during distil- 
lation. 

Wov^e>8 apparatus, A contrivance for distilling the mineral acids and other gas- 
eous substances with little loss ; being a train of receivers with safety-pipes, 
and connected together by tubes. 

SSmfre. An oxide of cobalt, mixed with a portion of siliceous matter. It is import- 
ed in this state from Saxony. 

Zero. The point fVom which the scale of a thermometer is graduated. Thus Cel. 
sius's and Reaumur's thermometers have their zero at the>r««ztitf' point, while 
the thermometer of Fahrenheit has its zero at that point at which it standf 
when immersed in a mixture of snow and common salt 
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LIST OF EXPERIMENTS. 



In making up the following list of experiments I have been care- 
ful in general to select such as can be made with safety to the 
young student ; where this is not the case, the caution is mention- 
ed. Most of them require but very simple apparatus. Where any 
experiment illustrates the text, a reference is made to the page. — 
Some of them are original, others are borrowed. I have not, how- 
ever, deemed it necessary to cite authors. 

1. To show that heat is not absorbed, but reflected by polished 
metallic surfaces, hold a common new tin pan before the fire. The 
pan will remain cold. See p. 41. 

2. To show the power of a black surface to absorb caloric, 
smoke or paint a blacK spot of the size of a dollar on the bottom of a 
tin pan, and hold it towards the fire. On touching this spot, it will 
be found hot, while ^e parts around it remain cold. See p. 46. 

3. To make the upper part of a vessel pf water boil while there 
is a cake of ice at the bottom. Into a glass tube put water enough 
to occupy two inches. Freeze this, so as not to burst the tube, 
with a freezing mixture, or by exposure to cold in winter. Then 
fill the tube nearly full of water, and wind a flannel cloth several 
times around the part containing the ice, so that the heat of the hand 
will not melt it. Then hold the tube in an oblique direction over 
a lamp, so as to heat the water an inch or two above the ice. The 
water will soon begin to boil, and by raising the tube a little at a 
time, it will boil almost at the surface of the ice without melting it. 
See p. 53. 

4. To show that some of the metals conduct caloric better than 
others, procure wires of the same size and length, of ^old, silver, 
copper, iron, zinc, tin, &c. The wires may be 12 or 14 inches long. 
Coat one end of each with bees wax, and put the other ends into a 
vessel of hot water. The wax will melt first on the metal which is 
the best conductor, and the comparative conducting powers are cal- 
culated by the difference of time between the melting of the wax on 
each. See p. 51. 

5. The conducting powers of diflferent substances in reg^ard to 
caloric, may be much more sensibly elucidated, by touching in cold 
weather, a metal with one hand, a piece of cork, wood or cloth 
vidth the other. Here the sensation of cold to the hand which 
touches the niotal, is owing to the power which all metals have of 
conducting off heat more rapidly, than any other class of substan- 
ces. See p. 49. 

6. To show that evaporation carries off caloric, moisten the bulb 
of a thermometer tube with either, by means of a hair pencil. The 
mercury inunediately begins to fall, and if the ptoeess be continu- 
edf may be brought down to the freezing point, even in warm 
weather. Whenever a fluid substance is converted into vapor, it 
abeorbs a quantity of caloric. In the present case, the ether takes 



ftmnHbe balb of the Ihennometet, the caloric n^cesaaiy to giveil 
tto elastic fonn. Therefore, eTerynew etpplieation of the ether 
oanies off BuocessiTe portions of heat, and the mercury continaes 
to fiittk, until tiie bulo becomes so cold, as to absorb <»loric from 
the surrounding air, faster than it is carried of by the evapoiatHm, 
This is the reason why the mercury cantiot be depressed below « 
certain pmnt by eyaporation. The ether, although it assumes the 
elastic tom, does not receive the caloric necessary for this^purposB 
from the thermometer, but from the surrounding air. See p. 73. 

7. Tb demonstrate that fluids boil at comparatirely small degrees 
of heat, when the pressure of the atmosphere is taken off, about 
half fill with water a small retort, or Flcrence flask (common oil 
flask,) and let it boil orer a lamp. When the upper part is filled 
with steam, take it from the lamp, and instantly cork it air tiffht. 
If now it is put into cold water, it begins to boil violently. If taken 
out of the water, it stops boiling, and this may be done many timed. 
This curious method of making water boil by the application ef 
ooM, is easily accounted for. when the flask is put ihto cold wa- 
ter, the steam with which it was filled is condensed, and retuniA 
again to water. This leaves a vacuum, in which water is convert- 
ed into steam, or boils at a much lower temperature than in the 
open air. See p. 58. 

8. If the above experiment is made by means of a small retott, a 
very curious circumstance may be observed. When the water is 
cold, and consequently nearly a perfect vacuum is formed, if the veh 
tort is shaken, there is produced a shai^ rattling noise, as though it 
contained shot, instead of water, so that one would suppose by the 
noise that the retort would be broken into a thousand parts at eve- 
ry motion. This is owing to the weight with which the water fiills 
upon the glass, when there is no air to impede its motion. See p. 64. 

9. Into a thin glass vessel pour an ounce or two of water, and 
then pour in two drams of sulphuric acid ; the glass will instantly 
become too hot to be held in the hand. The experiment elucidates 
the doctrine of latent heat. On mixing these two fluids, a chemic- 
al combination takes place between their particles, in consequence 
of which, caloric is extricated at the same time their bulk is dimin- 
ished. This also illustrates Dr. Black's law, that when substances 
pass from a rarer to a denser state, caloric is given out. If one 
measure of sulphuric acid, and one of water, be mixed together, 
the mixture will not again fill the measure twice. See p. 77. 

10. To produce nitrogen, take a bell glass or large tumbler, and 
intert it over a short taper, set in a shalfow dish of water. The ta« 
per bums until it absorbs all the oxygen contained in the air under 
the bel> glass. What remains is nitrogen. If now, a lighted tap^ 
be put under the bell glass, it will be instantly extinguished, show- 
ing the absolute necessity of oxygen for the support of combustion. 
See p. 160. 

11. The formation of water by the burning of hydrogen may be 
Axmn thus : Take a Florence flask, and pour into it half a pint of 
Water, then put in about an ounce of granulated zinc, or the same 
quantity of iron filings, and then pour in half an ounce by measure 
of sulphuric acid. Have ready a cork, pierced with a burning iron, 
tttid the stem of a tobacco pipe passed through the aperture. After 
^tttting in the acid, put the cork in its place, and fix the flask up- 
iigiit % settuig it m a bowl, sairoanded by a doth to make it stand 
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ap and prevent its breakniff . As the bydrogen k foimed, it hmosm 
tluoagh the stem of the tobacco pipe, at the end of which it is to be 
fixed. If now a glass tube two or three feet long, and an inch or 
two wide, be passed on to the stem so as to indode the flame within 
its bore, the tube, in a few moments, will be covered on the inside 
with moisture. See p. 109. 

If the orifice of the tube is quite small at the end where the gas 
is fired, the above experiment serves to produce the muskal tones. — 
See p. 118. 

12. An exhibition ofgas Ughl may be made as follows : — ^Into the 
bowl of a common tobacco pipe put a piece of mineral, or what is 
called sea coal, and cover the coal closely with clay. When the 
clay is dry, place the bowl in the fire and heat it slowly. In a few 
minutes the gas, called carbureUed hydrogen will issue firom the 
end of the pipe stem ; set fire to it with a candle, and it will bum 
with a beautifiil bright flame. This is the gas with which the streets, 
fikctoiies, &c. are hghted in many of the European cities. 

In the absence of mineral coal, a walnut, small piece of pine 
knot, or butternut meat, &c. may take the place of coal. See p. 
120. 

13* The following gives an example of the manner in which sul- 
phuric acid is formed. 

ACx with a small quantity of the flowers of sulphur, about one 
fifth part of finely pulverized nitre. Make a stand by hollowing 
vnth a hammer a large button, and attaching wire to the eye, for 
feet, so that the button will be two inches high ; €(t, by any other 
means, place the sulphur and nitre about this height in a shallow 
dish, containing an mch or two of water. Set fire to the mixture 
veith a hot iron, and immediately invert over it a bell glass, or larg|e 
tumbler. The sulphur as it bums, absorbs oxy^n from the air 
contained under the bell glass, in a proportion which would consti- 
tute sulphurous acid. At the same time, the heat which this pro- 
cess occasions, compels the nitre to firiye out another proportion of 
oxygen, which is absorbed by the sulphurous acid, and this addi- 
tional quantity of oxygen constitutes sulphuric acid. See p. 130. 

14. Take three parts of nitre, two of potash, and one of sulphur, 
and mix them intimately, by rubbing in a mortar. This compound 
IS called/u&mna^n^ powder. On placing a little of it on a shovel 
over a hot fire, it explodes with great violence, and with a peculiar- 
ly stunning report. 

The combustion of phospkuretted hydrogen in oxygen fi;as, af- 
fords one of the most striking and beautiful among chemical exper- 
iments. It is done as follows : Take some phosphuret of lime, wrap 
it in a naper and push it under a vessel, as a Wide mouthed vial, fil- 
led 'With water, and inverted on the shelf of the water bath. As soon 
as the water penetrates through the paper so as to wet the phosphu- 
ret of lime, bubbles of phosphnretted hydrogen begin to rise no 
throogh the water. While this is going on, fiU a strong glass vessel 
as a tumbler, or a piece of thick ghiss tube stopped at one end with 
oxygen gas. Invert this also on Uie shelf of the water bath. When 
the phosphuretted hydrogen is collected, take the vessel containing 
it in one hand, and that containing the oxygen in the other ; bring 
the mouth of the former, bv siahmg it deeper in the virater, under 
the edge of the latter vessel, then by carefully depressing the bot- 
tom of the venel containing the phosphuretted hydrogen, let ap a 
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Imbbld at a time into tbe odygetk ena. If this experiment is made 
m a darkened room, the flashes of li^t appear astonishingly vivid 
and beautifal. See p. 135. 

16. Take six or eight grains of oi^muna^^ of potashj put it into 
a mortar and drop in with it about a grain of solid phosphorus, cut 
Into two or three parts ; then rub them togethei with a pestle. — 
Tery violent detonations are prodnced by these small quantities. 
It is best, therefore, not to use more thsn is here mentioned at a 
time. The hand, holding the pestle, ought always to. be {Protected 
with a^love or handkercbief. 

17. To make liquid phosphorus, take an ounce vial and half fill il- 
with olive oil, put into the oil a piece of phosphorus of the size of a 
pea: gradually heat the -bottom of the "vial, until the phoshorus iis 
melted, taking care to keep the thumb on the mouth ; then cork 
it air tight. If this vial is first shaken, and th^i the cork be taken 
out, it becomes luminous, first near the mouth and gradually down 
to the oil, at the bottom. 'Rie light which a bottle prepared in this 
way gives, particularly if waraned, by holding it in the hand, is suf- 
ficient to tell the hour of night by a watch. This luminous ap- 
pearance, when the cork is removed, is owing to the union of the 
oxygen of the atmosphere with the phosphorus. It is slow com- 
bustiotK attended with light, and most probably with some heat. 

18. u drawings be m^e on silk with a solution of nitrate of sil- 
ver, and the silk first moistened, is exposed to a stream of hydro- 
gen gas, or in any other way exposed to the action of this gas, the 
metsS is instantly revived] and the silk is covered With figures of 
silver. — See p. 155. 

19. If a few drops of a solution of nitrate of silver in water, be 
placed on a bright surface of copper, the silver is revived, and gives 
the copper a brilliant white coat of that metal. This is explained 
on the principle of affinity. The^ copper has a stronger attraction 
fcfx the acid which composes a part of the nitrate of silver, than the 
sUver itself has. Therefore it attracts the acid from the silver, in 
consequence of which this is received, and at the same time pre- 
cipitated on the copper. See p. 155. 

30. Take a little of the white arsenic of the shops, and mix it 
with some finely ground charcoal; put the mixture into a small 
^lass tube closed at one end, and expose the part where the mixture 
IS to a moderate degree of heat jOfradually raised ; the arsenic will 
be received, and w3l attach itself to the um)er part of the tube, giv- 
ing it a brilliant metallic coat like quicksilver. The arsenic may 
be preserved in this state by stopping up the tube. See p. 155. 

31. Dissolve a tea-s]20onful or sugar of lead in a quart of rain, 
water. Pat this into a aecanter, or white glass bottle, and suspend 
in it by means of a string, a piece of zinc. The zinc decomposes 
the acetate of lead by depriving it of its oxygen ; the consequence 
i^, that the lead is precipitated m the metallic stated on and around 
the zinc, and forms a brilliant tree of metal. 

33. Pour a solution of nitrate of silver into a glass vessel, and im- 
merse a few slips of copper in it. In a short time, a portion of cop- 
per will be dissolved, and all the silver precipitated^ in a metalne 
ibim. If the solution which now contains copper be decanted into 
another glass, and pieces of iron added to it, this metal wDl then be^ 
dissolved, and the copper precipitated, yielding a striking initanoa 
of peculiar affinities. See p. 176. 

80 
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33. Ivory may be coated with silTer, by the fiiHownig pa-ooen : 
Make a strong solution of nitrate of biIt^ in pore water ; int* this 
immerse a piece of ivory until it turns yellow ; then ts^e ifrovyt and 
immediately plunge it into a vessel of distdUed water exposed to the 
direct rays of the sun until it turns black. On rubbing it gestly ii 
will appear covered with a brilliant coat of silver resemUing a bar 
of that metal. This curious effect is o win^ to the solar ligikt which 
decomposes the nitrate of silver, by taking the oxygen from it, 
which iBies off in the form of oxygen gas. 

34. Through a vessel of lime water, recently made, pa8Bbul>ble» 
of carbonic acid gas by means of a blaidder and tube, the lime water 
instantly beeomes white and turbid, and finally deposits a quantity 
of carbonate of hme in the form of powdered chalk. If now th!e 
water be evaporated, a white powder remains which eifervesces with 
acids. If this powder is put into a retort, and sulphuric acid diluted 
with water, is poured upon it, the beak of the retort being under a 
vessel filled with water, the carbonic acid is again obtained, and 
the salt remaining in the retort will be sulphate of lime or gypsum. 

35. Mix one part of nitric add with 5 or 6 parts of water in a vial; 
into this put some copper filings, and in a few moments pour off the 
liquid ; it will be colorless. If now there be added some liquid 
ammonia, another colorless fluid, the mixture becomes of an in- 
tense and beautiful bhi£. Hence ammonia \s a most delicate test 
for the presence of copper, with which it strikes a deep blue color. 
See p. 187. 

26. Put into a vial of pure water a few drops of the tincture of 
nut galls, made by steeping the galls in water ; into another vial of 
pure water put a grain or two of tiie sulphate of iron. If these col- 
orless fluids are mixed, they instantly become htack. Tincture of galls 
is a most delicate test for the presence of iron, with which it stnkes 
a black. These two substances fc»rm the basis of ink. See p. 187. 

27. Take two small glass jars,' or tumblers, and fill one with car^ 
honic acid gasj and the other with oxygen gas. Have them set up- 
right with a cover on each. If a lighted taper be plunged into the 
vessel containing the carbonic acid, it is extinguished instantly ; bat 
if it is immediately plunged into the other jsur containing the oxy- 
gen, it is as instantly lighted with a sort of explosion. See p. 336. 

28.- .Put eight or ten grains of oxy muriate of potash into a tea-cup^ 
and then pour in two or three drachms of alcohol. — ^If now about 
two drachms of sulphuric acid is added, Uie mixture begins to dait 
forth little balls of blue fire, and in a minute or two the whole' buiats 
into flame. The alcohol is inflamed by the chk>rine which is set 
free from the salt, in consequence of the combination which takes 
place between the potash and the sulphuric acid. See p. 236. 

29. Into a glass tube half an inch or an inch wide, two or thiee 
inches long, with a bulb at the end, put a grain or two of iodine. 
Warm the tube, (but not at that part where the iodine is,) and im- 
me<Iiately cork it tight; the tube remains colorless, there being 
only a few little spedcs here and Uiere. If at any time the tube M 
warmed at that part where the iodine is, it is instantly filled with a 
gas of a most beautiful violet color. If care is taken to keep the 
tube well closed, so that the iodme does not escape, when it takes 
the form of gas, this eflfect will always be produced whenever the 
« tube is warmed. A tube with two bolbsi like what is. called a ftUJM 
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fgy containing the iodine hennetieally sealed , would ,be better. 
Inch a little apparatus would be quite a furiosity to those who know 
nothing of the nature of iodine. See p. 338. ^ 

30. Write on paper with a solution of the nitrat of sHver, taking 
care not to have it so strong as to destroy the paper. So long as it 
is kept in the dark, or if the paper be closely folded, the writing re- 
mains invisible ; but on exposure to the rays of the sun the charac-r 
ters turn yellow, and finalljr Mack, so that they are perfectly legible. 

Mr. Accum says, that this change of color is owing to the partial 
reduction of the oxyde of silver, from the light expelling a portion 
of its oxygen : the oxyde therefore approaches to the metallic state ; 
for when the blackness is examined with a deep, or powerful mag- 
tiifier, the particles of metal may be distinctly seen. 

81. Write on paper with a dUute solution of common sugar of 
lead ; the writing will remain invisible. But on moistening the lines 
with a pencil, or feaUier dipped in water impregnated with sul- 
phuretted hydrogen, the metal is ievived, and the letters appear in 
metallic brilliancy. 

The author above <ated, says, that in this instance, the hydrogen 
of the sulphuretted hydrogen gas, abstracts the oxygen from the ox- 
ide of lead, and causes it to re-approach to the metallic state ; a^t 
the same time, the sulphur of the sulphuretted hydrogen gas com- 
bines with the metal thus regenerated, and converts it into a sal- 
phuret which exhibits the metallic color. 

32. Write on paper with a solution of the sulj^te of copper. If 
this is strong, the writing will be of a faint green cdor : if weak, 
the characters are invisible. On holding the paper over a vessd 
containing some liquid of amtnonia, or if it be exposed to the action 
of this gas in any other way, the writing assumes a beautiful blue 
color. On expo^ng the paper to the sun, the color disappears, be- 
cause the ammonia evaporates. 

33. Put a small piece of phosphorus into a crucible, cover it close- 
ly with common chalk, so as to fill the crucible. Let another cru- 
cible be inverted upon it, and both subjected to the fire. When the 
whole has become perfecli]^ red hot, remove them fi-om the fire, and 
when cold^ the carbonic acid of the chalk will have been decaigr 
posed, and the Black Charcoal, the basis of the acid, may be easily 
perceived amongst the materialk. ^v 

34. Into a large glass jar inverted upon a fiat brick tile, and con- 
taining near its top a branch of fresh rosemary, or any other sudi 
shrub moistened with water, intiroduoe a fiat, thysk piece of heated 
iron, on which place some gum benzoin in gross powder. The ben- 
coic acid, in consequence of the heat, will oe separated, and ascend 
in white fumes, which will at length condense, and form a most 
beautiful appearance upon the leaves of the vegetable. This will 
serve as an example of Sublimation. 

35. Mix a little acetate of lead with an equal portion of sulphate 
of sdnc, both in fine powder; stir them together with a piece of 
glass or wood, and no chemical change will be perceptible ; but if 
&ey be rubbed together in a mcslar, the two souds will operate on 
«ach other ; an intimate union will take place, and a fiuid will be 
produced. If ald|n or Glauber salt be used instead of sulphate of 
cine, the experiment will be equally successful. 

. 36. Kthe leaves of a plant, fresh gathered, be placed in the suiii 
very pure oxygen gas may be collected. 
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37. Put a little fresh calcined magnesia in a tea-cnp upon the 
hearth, and suddenly pour over it as much concentrated sulphuric 
acid as will cover the magnesia. In an instant sparks will he thrown 
out, and the mixture will become completely ignited. 

38. If a few pounds of a mixture of iron fihngs and sulphur be 
made in paste with water, and buried in the ground for a few hours, 
the water will be decomposed with so much rapidity, that oombus* 
tion and flame will be the consequence. 

39. For want of a proper ^lass vessel, a table spoonful of ether 
may be put into a moistened bladder, and the neck of the bladder 
closely tied. If hot water be then poured upon it, the ether- will 
expand, and the bladder become inflated. 

40. Procure a phial with a glass stopper accuratel]^ ground into 
it ; introduce a few copper filings, then entirely fill it with liquid 
ammonia, and stop the phial so as to exclude all atmospheric air. 
If left in Uiis state, no solution of the copper will be efifected . But if 
the bottle be afterwards left open for some time, and then stopped, 
the metal will dissolve, and the solution will be colorless. Let the 
stopper be now taken out, and the fluid will become blue, beginning 
at the surface, and spreading gradually through the whole. If this 
blue solution has not been too long exposed to the air, and firesh 
copper filings be put in, asain stopping the bottle, the fluid will once 
Dpnre be deprived of its C(3or, which it will recover only by the re- 
al Amission of air. These effects may thus be repeatedly produced. 

41. If a spoonful of good alcohol and a little boradc acid be stir- 
rod together in a tea-cup, and then set on fire, they will produce a 
beautiful green flame. 

42. Alloy a piece of silver«with a portion of lead, place the alloy 
t.Don a piece of charcoal, attach a blow-pipe to a gasometer, charg- 
<«[ with oxygen gas, light the charcoal first with a bit of paper, and 
keep up the heat by pressing upon the machine. When the metals 
f^et mto complete nision, the lead will begin to bum, and very soon 
will be all dissipated in a white smoke, leaving the silver in a state 
of purity. This experiment is designed to show the fixity of the 
noble metals. 

43. Bum a piece of iron wire in a deflagrating jar of oxygen gas, 
and sufller it to bum till it goes out of itseS*. If a lighted wax taper 
be now let down into the gas, this will burn in it for some time, and 
then become extinguished. If i^ited sulphur be now introduced 
this will also burn for a limited time. Lastly introduce a morsel of 
phosphorus, and combustion will also follow m like manner. These 
experiments show the relative combustibility of different substances. 

44. Drop a piece of phosphorus, about the size of a pea, into a 
tumbler of hot water, and from a bladder, furnished with a elUm 
cock, force a stream of oxygen gas directly upon it. Tius will af- 
ford the most brilliant combustion under vniter that can be imagined 

45. Take an amalgam of lead and mercury, and another amal- 
gam of bismuth, let these two solid amalgams be mixed by tiiture, 
and they will instantly become fluid. 

46. Into distilled water drop a tittle spirituous solution of soap, no 
chemical effect will be perceived ;.bttt it some of the same solution 
be added to hard water, a milkiness will immediately be meduced, 
more or less, according to the degree of its impurity. This is a 
good method of ascertaining the purity of spring water. 
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47. To (nlver, eopper or brass.--rC!lean the article intended to be 
^Ivered, by means of dilate nitric acid, or by scouring it with, a 
mixtare of common salt and alum. When it ie perfecdy bright, 
moisten a little of the powder, known in commerce by the name of 
mkoering powdery with water, and rub it for some time on the per- 
fectly clean sur&ce of eopper, or brass, which will become covered 
with a coat of metallic suver. It may aflei^wards be polished with 
Boft leather. 

The silfering powder is prepared in the following manner : Dis- 
eolve some silver in nitric acid, and put pieces of copper into the so- 
lution : this will throw down tiie silver m a state of metallic powder. 
Take ^een or twenty grains of this powder, and mix with it two 
dxadims of acidulous tartarite of potash, the same quantity of com- 
mon salt, and half a drachm of alum. Another method : Precipi- 
tate silver jfrom its sedation in nitric acid by copper, as before ; to 
half an ounce of .this silver, add common salt and muriate of ammo- 
nia, of each two ounces, and one drachm of ccnrosive sublimate ; 
rub them together, and make them into a paste with water. With 
this, copper utensils intended to be silvered, that have been previ- 
OQi^y boiled v^th acidulous tartarite of potash and alum, are to be 
rubbed ; after which 4hey are to be made red hot and polished. 

48. To prove that the air of the atmosphere always contains car- 
bonic acid This may be shown by simply pouring aay quantity of 
baxytic water, or lime water, repeatedly from «ne vessel into an- 
other. The barytio water when deprived of the contact of air, is 
perfectly transparent ; but it instantly becomes milky, and a white 
precipitate, wnich is carbonate of barytes, is depoated, when 
brought into contact with it for a few minutes only. 

The cj^uantity of carbonic acid (^ntained in the atmosphere, sel- 
dom vanes except in the iomiediate vicinity of places where respi- 
ration and combustion are going on in the large way, and is about 
one hundredth part. 

30* 
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Absorbbnt vessels, 298 
Absorption oif caloric^ 40, 45 
Acetic acid, 352, 253 
Acetous fermentation, 267 

acid, 253 
Acidnlons gaseous mineral wa- 
ters, 226 

salts, 254 
Acids, 202 
Aeriform, 31 
Affinity, 23, 174 
Agate, 195 
Agriculture, 274 
Air, 95 
Albumen, 287 
Alburnum, 283 
Alchemists, 15 

Alcohol, or spirit of wine, 359 
Alembic, 127 
Alkalies, 181 
Alkaline earths, 182, 194 
Alloys, 162 
Alum, or sulphat of alumine, 196 

212 
Alumine, 196 
Alamium, 19 
Amalgam, 163 
Ambergris, 320 
Amethyst, 197 
Amiantiius, 201 
Ammonia, or volatile alkali, 169, 

181, 188 
Ammoniaeal gas, 188 

how obtained, 191 
Analysis, 138 

of vegetables, 241 
Animals, 288 
Animal acids, 292 

colors, 294 

heat, 311 

oU, 292 
Animalization, 287, 395 
Antidotes, 191 
Antimony, 30 
Aqua fortiSy 316 



Aqua regia, 160 
Arrak, 262 
Argand's lamp, 107 
Arsenic, 20 163, 165 
Arteries, 298 
Arterial blood, 306, 308 
Asphalt um, 270 
Assafoetida, 249 
Assimilation, 297 
Astringent principle, 253 < 
Atmosphere, 61, 95, 108 
Atmospherical, air, 95 
Attraction of aggregation, or 

hesion,21, 171 
Attraction of composition, 33. 

171 
Azote, or nitrogen, 214 
Azotic gas, 95 

B 

Balsams, 249 
Balloons, 122 
Bark, 283 
Barytes, 192, 197 
Basis of acids, 204 , 

gases, 30 

salts, 172 
Beer, 258 

Benzoic acid, 204, 353 
BUe, 303 
Birds, 297 
Bismuth, 20 
Bitumens, 270 

Black load, or plumbago, 145 
Bleaching, 210 
Blow-pipe, 140, 153 
Blood, 303, 305 
Blood-vessels, 309 
Boiling water, 67 
Bombic acid, 393, 304 
Bones, 395 
Boracic acid, 304, 336 
Boracium, 19, 337 
Borat of soda, 337 
Brandy, 361 
Bza8B,163 
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Bxead, 224 
Bricks, 197 
Brittle metals, 20 
Bronze, 162 
Butter, 318 
Butter-milk, 318 

C 

Calcaieoos earths, 224 
stones, 223 
Caldam, 20 
Caloric, 39 

absorption of, 46 

conductors of, 48 

combined, 69 

expensive power of, 30,31 

equilibrium of, 39 

reflection of, 46 

radiation of, 40, 43 

solvent power of, 59 

capacity for, 70 
Cal<mmeter, 83 
Calx, 102 
Camphor, 240 
Camphoric acid, 204, 253 
Caoutchouc, 240, 249 
Carbonats, 226 
Carbonat of ammonia, 290 

lead, 150 

lime, 199 

magnesia, 201 

potash, 184 
Carbonated hydrogen gas, 144 
Carbon, 137 
Carbonic acid, 142 
Carburet of iron, 145 
Carmine, 294 
Cartilage, 297 
Castor, 321 

Cellular membrane, 300 
Caustics, 164 
Chalk, 199, 226 
Charcoal, 137 
Cheese, 320 
Chemical attraction, 21 
Chemistry, 13 
Chest, 305 
China, 197 
Chlorine, 18 
Chrome, 20 
Chyle, 298 
Chyme, 303 
Citric add, 204, 253 
Cizcolation of the blood, 805 
CiTot, 321 



Clay, 38 
Coke, 270 
Coal, 270 
Cobalt, 20 
Cobhineal, 274 
Cold, 40 

from evaporation, 80 
Colors of metallic oxyds, 151 
Columbiom, 20 
Combined Caloric, 69 
Combustion, 99 

volatile products of, 107 

fixed products of, 107 

of alcohol, 263 

of ammoniacal gas, 188 

of boradum, 227 

by ox]r-muriatic acid, or 
chlorine, 231 

of carbon, 140 ^ 

of coals, 119, 145 

of charcoal, by nitric add» 
215 

of candles, 118, 147 

of diamonds, liO 

of ether, 266 

of hydrogen, 109, 116 

of iron, 105 

of metals, 15fl 

of oils, 147 

of oil of turpentine by ni- 
trous acid, 215 

of phosphorus, 133 

of sulphur, 1^ 

of potassium, 168 
Compound bodies, 17 

or neutral salts, 182 
Conductors of heat, 44 

solids, 50 

fluids, 51 
Count Rumford's theory, 51 
Constituent parts, 17 
Copper, 20, 165 
Copal, 249 
Cortical layers, 282 
Cotyledons, or lobe, 278 
Cream, 318 
Cream of tartar, or tartrit of pot- 

. ash, 263 
Cryophorus, 82 
Crystallization, 159 
Cucurbit, 127 
Culinary h&Bt, 55 
Curd, 319 

Cutide, or epidermis, 300 
Cyanogen, 293 



D 

Deoompositioii, 16 

of atnuMspherical air, 98, 
100 

of water, by the Yidatic 
battery, 112 

of saltB by fh« Yolstic bat- 
tery, 179 

of water by ^iiieiailB, 113 
by carbon, 144 

of vegetables, 354 

of potash, 168 

of soda, 169 

of ammoBia, 169 

of the boracic acid, 237 

of the fluoiic acid, 238 

of the moriatio acid, 339 
Defla^tion, 331 
Definite proportions, 177 
Deliquescence) 311 
Detonation, 115, 133 
Dew, 63 
Diamond, 138 
Diaphragm, 304 
Digestion, 303 

Dissolution of metals, 87, 157 
Distillation, 137, 308 

of red wine, 361 

gvellent forces, 176 
vimon, 16 
Drying oils, 346 
Dyeing, 350 

E 

Earths, 181 
Earthen ware, 197 
Efierrescence, 157 
{Efflorescence, 311 
Elastic fluids, 31 
Electricity, 86, 90, 99 
Electric machine, 88 
Electro-magnetism, 94 
Eleetiye attraction,-174 
Elementary bodies, 17 
Elixirs, tinctvores, or quitttesoeo- 

ces, 363 . 
Enamel, 197 
.Epidermis of vegetables, 388 

of animak,300 
Epsom salts, 301 
Equilibrium of calorie, 39 
Essences, 147, 347 
Essential or volatile oils, 147,347 
Ether, 65, 035 
Evaporation, 61 



Evergreens, 386 
Eudiometer, 134 
Expansion of calorie^ 30 
Extractive coloring matter^ 350 

F 

Falling stones, 161 
Fat, 318 
Feathers, 396 
Fecula, 344 
Fermentation, 356 
Fibrine, 387, 393 
Fire, 16, 36 
Fish, 316 

Fixed air, or earbonie add, 140. 
333 

alkalies, 131 

oils, 146, 345 

products of oombi]8tion,106 
Flame, 119 
Flint, 185, 195 
Flower of blossom, 384 
Fluoric acid, 338 
Fluorium, or Fluorine, 38, 339 
Formic add, 393 
Fossil wood, 371 
Frankincense, 349 - 
Free or radiant caloric, or heat 

. of temperature, 39 
FreezLog mixtures, 77 

by evaporation, 65, 80 
Frost, 63 
Fruit, 385 - 
Fuller's earth, 196 
Furnace, 145, 150 

G 

Calls, 353 

Gallat, of iron, 313 

Gallic acid, 313, 353 

Galvanism, 85 

Gas, 95 

Gas-lights, 130 

Graseous oxyd of carbon, nitro- 
gen, 143, 317 

Gastric juice, 303 

Gelatine, or jelly, 387, 388 

Germination, 377 

Gin, 363 

Glands, 395, 399 

Glass, 185 

Glauber's salts, or (Nil|4i«l of 
soda, 184 

Gladng, 197 

Gludum, 19 
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Glae, 189 
Gluten, 344 
Gold, 20, 160 
Gam, 343 

arable, 333 

elastic, or caoatchoac, 349 

resins, 349 
Guiipowder, 331 
Gypsum, or plaster of Paris, or 
sulphatof lime, 313 



Hair, 389 

Harrogate water, 133 

Hartshorn, 188, 190 

Heart, 305 

wood, 383 

Heat, 36 

of capacity, 71, 74 
of temperature, 39 

Honey, 344 

Horns, 289 

Hydro-carbonat, 134, 145 

Hydrogen, 109 

gas, 110 

I&J 
Jasper, 195 
lee, 83 
Jelly, 389 
Jet, 370 
[gnes fatal, 135 
Ignition, 68 

Imponderable agents, 18 
Inflammable air, 109 
Ink, 313 
Insects, 354 
Integrant parts, 17 
Iodine, 109, 337 
Iridiam, 30 
Iron, 30, 150, 161 
Isinglass, 389 
Ivory black, 394 



Kali, 187 
Koumiss, 330 



K 



Lac, 331 

Lactk acid, 393, 330 

Lakes, colors, 350 

Lamp without flame, f07, 333 

Latent heat, 73 

Livender water, 263 



Lead, 30, 151, 156 
Leather, 351, 391 
Leaves, 380 
Life, 339 
Ligaments, 396 
light, 18 
Lightning, 315 
Lime, 198 
Lime water, 199 
Limestone, 198 
Linseed oil, 346 
Liqaeurs, 363 
Liver, 399 
Lobes, 378, 309 

Lunar caustic, or nitrat of sil- 
ver, 164, 223 
Lungs, 307, 309 
Lymph, 398 
Lymphatic vessels, 393 

M 
Magnetic, needle, 94 
Magnesia, 301 
Magnium, 19 
MaUc acid, 304, 353 
Malt, 358 

Malleable metals, 30 
Manganese, 30, 150 
Manna, 341 
Manure, 374 
Marble, 336 

Marine acid, or muriatic add, 339 
Mastic, 349, 263 
Materials of animals, 387 

of vegetables, 339 
Mercury, 30, 162 

new mode of freezing, 83, 
163 
Metallic acids 160 
oxyds, 150 
Metals, 149 
Meteoric stones, 161 
Mica, 301 
Milk, 388, 399 
Minerals, 150 
Mineral waters, 143 

acids, 203 
Miner^s lamp, 135 
Mixture, 60 
Molybdena, 30, 160 
Mordant, 250. 
Mortar, 301 
Mucilage, 341 
Mucous acid, 304, 341 

membrane, 300 






Moxatic acid, or maiiae add, Oxalic acid, 904, 5S63 

239 Oxyds, 102, ^57 

Mnriats, 234 Oxyd of manganeae, 105 
Moriat of ammonia, 188, 237 iron, 102 

lime, 78 lead, 151 

soda, or common salt, solijuir, 201 

187, 234 Oxydation, or oxygenation, 157 

potash, 235 Oxygen, 18, 129 
Mnriatum, 19 ^, or yital air, 95 

Muscles of animak, 295 Oxy-muriatic acid, 230 

Musk, 321 Oxy-muriats, 235 

Myrrh, 249 Oxy-muhat of potash, 925 

N P 

Naphtha, 270 Palladium, 20, 163 

NegatiFe electricity, 25^ 84, 88 Papin's digester, 290 
Nerves, 299 Parenchyma, 277, 283 

Neutral, or compound salts, 202 Particles, 21 
Nickel, 20, 161 • Peail-ash, 183 

Nitre, or nitrat of j)otash, or salt- Peat, 271 

petre, 215, 224 Peculiar juice of plants, 283 

Nitric acid, 214 Perfect metals, 20, 153 

Nitrogen, or aaote, 96 Perfumes, 247 

^,90 Perspiration, 310 

Nitio-miinatic acid, or aqua regia, Petrifaction, 269 

160 • Pewter, 162 

Nitrous acid gas, 217 Pharmacy, 14 

air, or nitric oxyd gas, Phosphat of lime, 213 
218 Phosphoretted hydrogen gaa, 

Nitrata, 221 135 

Nitrat of copper, 165 Phosphorescence, 28 

ammonia^ 219, 221 Phosphoric acid, 213 

potash, or nitre, or saltpe- Phosphorus, 132 

tre, 215 acid, 213 ' 

silver, or lunar caustic, Phosphoret of lime, 135 
. 222 sulphiff, 136 

Nomendature of adds, 202 ; Pitch, 248 

compound salts, 172 Plaster, 201 
Nomenclature ofoUierbbiary com- Platina, 20, 153 

poonds, 135 Platina ignited by a lamp with- 

Nut-galls, 213 out a flame, 322 

Nut^il, 245 Plating, 162 

Nutrition, 295 Plumbago, or black lead, 161 

Plumula, 278 
O Porcelain 197 

Ochres, 151 Positive electridty, 25, 84, 88 

Oils, 146, 247 Potassium, 168 

Oil of amber, 271 Pottery, 197 

vitriol, or sulphuric add. Potash, 182 
206 Predpitate, 24 

Olive-oil, 245 Pressure of the atmosphere, 67, 

Ores, 150 68 

Organized bodies, 239 Printeis' Ink, 232 

Organs of animals, 299 Prussiat of iron, or ProssiaD 

vegetables, 239 blue, 294 

OBmiom, 20^ 163 potash 293 
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frii88ic acid, 393 
Putrid fermentation, 968, 381 
Pyrites 212, 161 
Pyrometer, 32 



Quicklime, 198 > 
Quiescent forces, 176 

R 

Radiation of caloric, 89 

Prevost's theory, 40 
Pictet's explanations, 4 
Leslie's illustrations, 44 

Radicals, 202, 206 

Radicle, or root, 278 

Rain, 62 

Rancidity, 246 

Rectification, 262 

RelSection of caloric, 40, 44 

Reptiles, 317 

Resins, 248 

Respiration, 300, 303 

ReviTing of metals, 156 

Rhodium, 20, 163 

Roasting metals, 150 

Rock crystal, 195 

Ruby, 193 

Rum, 261 

Rust, 150, 155 

S 
Saccharine fermentation, 257 
Sal ammoniac, or muriat of am- 
monia, 188 

polychrest, or snlphat of pot- 
ash, 210 

volatile, or earbonat'of ammo- 
nia, 190 
Salifiable basis, 172 
Salifying principles, 172 
Saltpetre, or nitre, or nitrat of 

potash, 220 
Salt, 210 
Sand, 195 
Sandstone, 195 
Sap of plants, 257, 241, 283 
Sapphire, 193 
Saturation, 60 
Seas, temperature of, 54 
Sebadc acid, 246 
Secretions, 292 
Seeds of plants, 258, 986 
Seltzer water, 143, 9Q0 
Senses, 300 
Silez, or silicia, 195, 191 



Silicium, 19 
SUk, 321 
Silver, 153 
Simple bodies, 18 
Size, 289 * 
Skin, 288 

Slacking of lime, 300 
Slate, 196 

Smelting metals, 150 
Smoke, 107 
Soap, 183 
Soda, 187, 169 

water, 143 
Sodium, 19,^169 
Soils, 273 
Soldering, 162 
Solubility, 211 
Solution, 58 

by the aur, 6t 

of potash, 185 
Specific heat, 70 
Spermaceti, 320 
Spirits, 261 
Spirit lamp, 364 
Starch-sugar, 249 
Steam, 68, 76 
Steel, 146 
Stomach, 302 
Stones, 193 
Stucco, 201 
Strontites, 201 
Strontium, 19 
Suberic acid, 204, 253 
Sublimation, 127 
Succin, or .yellow amber, 971 
Succinic acid, 204, 253 
Sugar, 240, 259 

of milk, 319 
Sulphats, 211 
Sup^r-oxygenated sulphuiM ' 

acid, 202 
Snlphat of alumine, or alim 

196, 212 

baxytes, 198 

iron, 212 

lime, or gypsum, or plas- 
ter of Paris, 212 

magnesia, or Epsom salt, 
201, 212 

potash, or sal polychieit, 
210 

soda, or Glauber's salts 
21 
Sulphur, 126 

flowers of, 197 
Sulpbuetted hydrogen gss, 131 
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Snlphnrets, 160 
SolphareonB acid, 130, d08 
Sulphuric add, 207 
Sympathetio iakr 166 
Synthesb/lSS « 

.T 

Tto,S61 ' ' 

TanniH, 2&1 

Tar, 348 

Tartarons add, S53 

Tartrit of potash, 354 

Teeth, 296 

TeUurinm, 20 

Temperature, 29 

Thaw, 85 

Thermometers, 34, 35 
Fahrenheit's, 34 
Reaumur's, 34 
CentiigrlLde, 34 
air, 35 
differential, 36 

Thimder, 133 

Tm, 20 

Titanium, 30, 163 

Turf, 370 

Turpentine, 173 

Transpiration, of plants, 379 

Tungsten, 30, 160 



Vapor^ 68, 76, 366 
YaponssatioB, 61 
Varnishes, 349 
Vegetables, 338 
Vegetable add, ^40, 148 

colors, 350 

heat, 385 

oils, 344 
Veins, 301, 306 
Venous blood, 306, 808 
VantridfiB,307 
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Verdigris, 165 

Ves8^,398 

Vinegar, 367 

Vinous fermentatioir, 358 

Vital air, or oxygen ^as, 96 

Vitriolic or sulphat of iron» 306 

Volatile oils, 340, 344, 347 

-products of combustion 

106 
alkali, 181, 188 
Voltaic Uttery, 86, 149, 153, 166 
179 



Uranium, 30 



U 



W 

Water, 109, 113 

decomposition of, by eleo- 

tridty, 113 
of the sea, 54 
condensation of, 54 
boiling, 58 
solution by, 58 
of crystidhzation, 159 

Wax, 330, 345 

Whey, 318 

Wine, 258 

Wood, 383 
' Wt)ody fibre,' 5^4 353 

Wool, 396 



Yeast, 367 
Yttria,193 
Yttrium^ 19 



J2Snc, 19 
Zicomia 193. • 
Zinoondum, 19 
Zoonio add, 304, 393 
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